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Ship Issues Shirked 


UST before Christmas the Minister of Transport 

announced that the Government had decided to accept 

the recommendations of the Galbraith Committee 
and tenders would be invited from selected firms for two 
types of nuclear reactor, with propelling machinery, for 
installation in a tanker of 65,000 tons dwt. The reactor 
systems chosen are the boiling-water and organic 
moderated types. Invitations to tender will be issued 
by the Ministry shortly. When they have been 
received the Government will decide whether an order 
should be placed for the building of a nuclear ship. 

Far from clarifying the position the statement raises 
a host of questions and it is difficult to believe that 
answers to these have already been found. Who, for 
example, is to be invited to tender and how is the 
selection to be made? Clearly the choice cannot be 
limited to those companies which submitted formal 
designs to the Galbraith Committee, as this would 
exclude English Electric, the only company in the 
country with direct entrée into Atomics International’s 
organic experience. Are companies who proposed alter- 
native systems to be excluded and permanently saddled 
with the concepts that they proposed in haste and with 
little guidance as to the time-scale, the proper relevance 
of the Admiralty specification to a civilian ship, and no 
lead as to the extent of the experimental programme 
that would be instituted before construction began? If 
on the other hand all companies are to be invited to 
submit designs which fall within the brief specification 
boiling-water or organic-moderated, how much guidance 
and time is to be given for the selection between the 
two systems, and how much further time for the detailed 
preparation of the tender? What happens, for example, 
to the Vickers Nuclear Engineering steam-cooled, heavy 
water moderated design? Is it to be abandoned for all 
time? Is it to be absorbed by the Atomic Energy 
Authority as part of its general reactor development 
programme? Is it to be developed separately, on a 
long-term basis, as a ship propulsion unit? If so, will 
this be by the Admiralty or by the Ministry of Trans- 
port? If nothing is to happen immediately, how long is 
it to be before experimental work can be undertaken 
which will take this study beyond the feasibility stage? 

As the Ministry glibly points out, preparation of 
tenders is likely to take some months. This also implies 
that it will cost a great deal of money—a figure of 


£100,000 per tender would not be out of the way in 
such a context. Even if four companies only are invited 
to tender, the two who made proposals to the Galbraith 
Committee for a BWR, viz. A.E.I. and Mitchell 
Engineering, and the two organic moderated companies 
Hawker Siddeley and English Electric, this still 
involves an expenditure of nearly half a million pounds. 
One can scarcely believe that the Ministry would be 
prepared to pay such a sum; certainly the concerns 
would not be prepared to accept a nominal sum and 
thus lose ownership of the tenders. 

In any case what will the Ministry do with these 
tenders when they receive them? From the issued 
statement it would appear that another Galbraith-type 
committee will be formed to inspect them and evaluate 
them, assisted no doubt, in large measure by the Atomic 
Energy Authority. From the beginning then, the Atomic 
Energy Authority is to be placed in the impossible 
position of technical adviser, safety adviser, tender 
assessor, and it would appear, commercial competitor, 
for Risley has an established Marine Group and has 
recently set up a section to undertake the design study 
of an organic moderated system. Segregation of the 
Health and Safety Branch eases to some extent the 
safety evaluation, but it has been appreciated in the past 
how difficult the réle of the Authority has become in 
relation to industry and the base-load stations. Why 
create an identical situation with regard to the ship? 

Where are the basic design data to come from? Some, 
obviously, will come direct from the United States but 
there are still many unknowns, such as the decomposi- 
tion rate to be expected in an organic moderated system. 
At present there is a divergence of view between the 
U.S. experimenters and the U.K. AEA. Is _ this 
divergence not to be resolved before the designs are 
submitted? The companies will be able to undertake 
some heat transfer experiments and the like, but there 
will be a number of in-pile experiments that they wish 
to perform and, except at low fluxes, this can only be 
done by the AEA. 

There is, of course, no guarantee that a ship will be 
built as the result of such tenders. Indeed it would seem 
logical that any reactor design should be based upon 
some experience gained upon an experimental system 
built in this country. If then the tenders are to lead to 
the building of an experiment only, why call for full ship 
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designs? There is no need to call for outline designs, 
for these have already been prepared. What is required 
now is a co-ordinated experimental programme. 

But whether the result is a ship or only an experiment, 
would a commercial concern be allowed to develop it, 
and is it desirable that a single or perhaps two 
companies out of the range of potential in this country 
should be given the exclusive responsibility for such a 
task and gain an exclusive knowledge as a result? In 
the Select Committee Report the AEA expressed itself 
strongly against the development of reactor systems by 
individual companies. There is no doubt that the AEA 
will be required to furnish a great deal of experimental 
information. Just how are the access agreements to be 
formulated? Is the AEA to be required to act as a 
special agent of private concerns or are the first ships 
to be loaded with so many royalties that economic 
operation is impossible? There are already enough 
difficulties over this particular subject in the power 
station programme. 

It is not that any of the matters raised here are of 
minor importance which can be worked out as the 
project goes along, they are fundamental to the whole 
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ship programme. One must sympathize with 
Mr. Marples, so recently in office, and confronted with 
chaos on the roads and a crisis in the railways; he will 
have had little time to devote to the study of the com- 
plexities of a nuclear ship project, involving many 
factions—not to mention strong personalities. 

We have come to the point where stop-gap measures 
will no longer suffice; the present plan can only be inter- 
preted as a delaying move which evades the main issues, 
and at considerable expense to Industry. 

For its part Industry would do well to learn from the 
past and contrive to present a unified approach to 
Government proposals, not to underestimate the amount 
of development work required, nor the cost and frustra- 
tion of preparing abortive tenders. If Industry would 
only collectively dig its toes in now, then the ship pro- 
gramme could be placed upon a proper basis from the 
beginning. We have already made suggestions as to 
how this could be done (Nuclear Engineering, May, 
1959). If, however, individual companies press ahead, 
hoping to gain a commanding lead over rivals, then the 
same heartburns which have been experienced in the 
land-based programme appear inevitable in the marine. 


The Organic Moderated Reactor 


ITH the announcement that the organic moderated 

system is one of the two selected for U.K. ship 
propulsion development, the German organic moderated 
ship project, the granting of funds by the German 
Federal Government to the projected AKS 150-MW 
power station, the Franco-Belgian proposal for a 
165-MW station at Chooz, this reactor system has in 
the past few weeks achieved a new status. In this issue 
of Nuclear Engineering we review a number of 
important aspects of the development of the system from 
different viewpoints, and we include outline designs of 
the first power reactor at Piqua, the operation of which 
will do much to satisfy the doubts that at present exist 
on such matters as radiolytic breakdown. 

It is interesting to note that in spite of the consider- 
able development effort and operational experience of 
Atomics International in America, and the research 
undertaken in this country, there are still considerable 
areas of uncertainty. Although the operation of Piqua 
will provide experimental data of a validity that is 
difficult to achieve in any loop experiment, it is clear 
that an intensification of the in-pile testing over the 
next 12 months could do much to resolve the doubts that 
exist on the detailed behaviour of organic coolants under 
reactor conditions at varying temperatures and varying 
high-boiler content. If power costs are to be calculated 
with any certainty this fundamental breakdown 
behaviour must be understood. 

In the United States a somewhat ad hoc approach has 
been made to the problems that arise, but by the build- 
ing of OMRE, which is in the best traditions of “ string 
and sealing wax” (if they will forgive the phrase) a 
most valuable low-cost experimental programme has 


been made possible. OMRE is perhaps the best 
example of the very real economic and _ technical 
advantages that can accrue from the use of a remote 
site such as NRTS. 

We in this country have only recently taken the 
organic moderated reactor seriously. Until 18 months 
ago it was felt that the supply of terphenyl in Europe 
would limit the potential of this reactor to a few 
hundred megawatts and that over and above this figure, 
the cost of make-up material would have to include a 
significant figure for unused diphenyl produced in the 
manufacturing process. The manufacturers are still 
loath to commit themselves to a quantity price, but 
careful evaluations of the availability of benzene and 
the probability of producing terphenyls as a prime 
product give cause for optimism. The system has, how- 
ever, still to be recognized by the AEA and given a 
significant place in the programme. The establishing 
of a project office at Risley is a first move, but this needs 
to be supported by a great deal of research effort 
involving not only decomposition work, but heat 
transfer, fuel element development, physics experiments, 
component development, etc. A number of isolated 
teams are investigating these areas, but it would seem 
desirable that their efforts were integrated. 

However attractive the organic system is, in the sense 
that it can be used with mild-steel piping, pressures are 
low, pumps are reasonably conventional, corrosion prob- 
lems are not intense, there is little doubt that any 
reactor design frozen in the next 12 months must 
include a number of assumptions and must to a large 
extent depend upon estimates rather than on experi- 
mentally confirmed data. 
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DIGEST... 


Revision of Uranium 
Marketing Restrictions 


Opportune 


The “ Dreadnought ” 
R and D Project 


New Draft Factories (Ionizing 
Radiations) Special 
Regulations 


Weinberg Extols 
HAR Concept 


Graphite Changes Influence 
Generating Costs 


Insurance Policies and 
Nuclear Risks 


Surveying 
Significant News 


To assist uranium producers and to allow a world price to be stabilized, 
restrictions governing sales of the concentrate could now be relaxed. Originally 
made in the light of a scarcity of supplies and fears of bomb production by 
powers which it was thought could not be trusted, rigorous government control 
was imposed in the U.S., Canada and the U.K. These are no longer necessary. 
Strategic requirements could be safeguarded without difficulty and bomb 
considerations are no longer valid. Any country determined to produce pure 
fissile material could still do so, but who would either wish to, or be prepared 
to make the heavy capital outlay? In the establishing of a world price, the 
IAEA is proving more of a hindrance than a help; the time is ripe for the 
normal commercial forces to become active. 


The Admiralty is still unwilling to give many details of its Dounreay 
experimental programme, but what little has been disclosed indicates that the 
reactor experiment will do much more than copy American technology. It 
can now be stated that the primary circuit is to be built in a low alloy steel. 
If successful this will imply a considerable saving in cost and could have 
significant repercussions throughout water reactor technology. 


The first draft code to cover the use of radio isotopes in installations coming 
under the jurisdiction of the Ministry of Labour was issued in July 1957. At 
the same time an invitation to comment was given to industry, associations and 
others concerned; the response was overwhelming. A revised draft, available 
from HMSO (price 1s. 3d.) was published on January 11. This is a simplified 
version of the original, and takes into account the views of the MRC and the 
revised recommendations of the ICRP. Requirements for adequate shielding 
and the definition of people involved in the processes will permit greater 
flexibility in the operation of machines. Comments on the draft are requested 
by April 15, 1960; these will be considered before statutory procedure for 
making the regulations is carried out. 


In his annual state of the laboratory address at ORNL the director, A. M. 
Weinberg, reported on the achievements of the homogeneous reactor experiment. 
This has been operated up to 5 MW for some 78% of the last six months of 
1959, including an uninterrupted run of 1,600 hours. He estimated that in the 
light of experience the maintenance for a full-size facility would be as 
little as 4+ mill/kWh. HRE first went critical on Dec. 27, 1957, but in April, 
1958, was shut down because of a leak between the core and blanket systems. 
The reactor has since been operated as a single zone system. 


The further information on graphite behaviour under high irradiation 
(Nuclear Engineering, 361, Oct., 1959) has resulted in the redundancy of a large 
quantity of machined moderator blocks originally intended for Berkeley and 
Bradwell. Although the blocks have not yet been scrapped there is not much 
chance of utilizing them. Presumably the initial cost and the cost of subsequent 
storage pending a final decision will be written off by CEGB as an unforeseeable 
contingency. Inevitably, because of the expense of machined nuclear grade 
graphite, the generating costs of the first CEGB stations will be artificially 
higher than originally envisaged. 


As a result of the coming into force of the Nuclear Installations (Licensing 
and Insurance) Act on April 1, the British Insurance Association has announced 
that all new insurance policies which relate to various forms of material 
damage to property on land, or liability to third parties, will as from that 
date make it clear that any injury arising from ionizing radiations will not be 
covered. Suitable insurance will be available to reactor operators, who have 
absolute responsibility under the new Act, from the British Insurance (Atomic 
Energy) Committee representing the British Insurance Market. 
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A new company Dynatom has been formed by Atomics International and 
Société Alsacienne des Constructions Méchaniques for the development of 
sodium graphite and organic moderated reactors. The first project is likely 
to be the Chooz, Franco-Belgian station of 165 MW capacity. This is to be 
built under the U.S.-Euratom power demonstration programme. It is scheduled 
to be the third civil power station in France and follows EDF1 and EDF2, 
the two gas-cooled graphite-moderated reactors of 60 and 170 MW capacity 
respectively—the first with a cylindrical and the second with a spherical 
pressure vessel—at present under construction at Chinon. 


The speech of Premier Kruschev to the U.S.S.R. conference on power 
development at the end of November contained almost no mention of nuclear 
power. Estimated demands for 1970 are 900,000 million kWh increasing 
to 1,500,000 by 1975 and about 2,300,000 by 1980. Thermal stations 
of capacities up to 2,400 MW with generator sets of more than 300 MW are 
envisaged and hydro-stations of up to 6,000 MW capacity containing units of 
500 MW. Whilst hydro power offers the better economics the immediate 
programme will concentrate on thermal stations because of the speed with 
which these can be brought into operation. 


A U.K. delegation has visited the U.S.S.R. with the object of discussing the 
protection available in that country for U.K. inventions. The discussions were 
described as cordial and the reception of British views sympathetic. The 
Soviet Union is apparently anxious to bring its system into line with Western 
international agreements, although certain difficulties do arise in that most 
internal inventions in Russia are granted an “ author’s certificate” rather than 
a patent and there is also the requirement that the invention must show actual 
or potential industrial utility to be accepted. A detailed report is to be issued 
by the delegation with a translation of the new Soviet patent law. 


The official and complete edition of the proceedings of the second Atoms 
for Peace Conference held in Geneva in 1958 has now finally been published 
by the United Nations. This formidable task involved more than 2,100 
scientific papers submitted by 46 countries and six inter-governmental agencies. 
The technical information is contained in 32 volumes and volume 33, the index, 
will be published later this year. Each volume is available individually and the 
volumes have been divided into six major subject groups: controlled fusion; 
nuclear materials; reactors; physics; chemistry and biology/medicine. 


General Dynamics have announced that using a high temperature caesium 
cell converter sufficient a.c. has been generated to “ illuminate a series of small 
light bulbs.” The frequency of the a.c. is in the region of 100 kc/s. Details of 
the process have not yet been released. The experiments were conducted as 
part of the programme of the company for developing systems of direct 
conversion of reactor heat to electricity. 


The contract between the Japan Atomic Power Company and the G.E.C. 
Simon-Carves Atomic Energy Group covering the construction of a 150-MW 
gas-cooled graphite-moderated power station at Tokai Mura, 65 miles 
north-east of Tokyo has now been signed. A new company, British General 
Electric Co. of Japan has been formed to handle the construction which is due 
to begin immediately. The value of the contract is £20,000,000. Delays in 
the signing of this contract have caused some anxiety but in this context it is 
interesting to note the company has yet to sign a contract with the South of 
Scotland Electricity Board. Hunterston is still being built on a letter of intent. 
Work at this station has now recommenced. 


The fourth reactor at Chapelcross went critical on December 27. ... ZENITH 


began operating at Winfrith on December 19... . The pressurized water reactor 
for the Belgian research centre at Mol went critical at the Westinghouse 
laboratories in the U.S. on December 21... . Yugoslavia’s zero energy, heavy 


water moderated, natural uranium research reactor went critical on December 
28. ...A TRIGA reactor at the First World Agriculture Fair in New Delhi 
began operating on December 16. .. . A water-water 10 MW research reactor 
achieved criticality in December at the Academy of Science in Leningrad. .. . The 
1 kW pool-type training reactor at the Worcester Polytechnic Institute, U.S.A., 
began operating on December 18. .. . Combustion Engineering’s PWR prototype 
submarine power plant, SIC, reached full power on December 19. 
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URANIUM 


The Algom Uranium Mines of the Rio Tinto Group in 

the Chalk River area of Canada where rich deposits of 

uranium-bearing ore occur. The mill and plant of the 
mines came into operation early in 1957. 


Producers Face Period 
of Over-production 


The supply and demand position of uranium is examined in this article without 
attempting to make accurate forecasts as to the future of the industry. Until more 
definite plans for nuclear power are announced, particularly by European countries, 


the demand position will be uncertain. 


ALTHOUGH the uranium producing industry should be 

able ultimately to rely upon large markets, independent 
of military programmes, present evidence suggests that it 
faces a difficult period in the mid 1960s. In the late 1940s, 
when an urgent need existed for increased supplies to 
meet defence requirements, contracts were placed at prices 
which allowed rapid amortization of the expensive proces- 
sing plants and, following a period of intensive exploration, 
potential world output was extended rapidly. A reversal of 
the original supply and demand position has now taken 
place but the major producers are still dependent upon the 
military demand because the civilian demand represents, as 
yet, only a small proportion of total world requirements. 
Producers must, therefore, face the prospect of reduced 
production and profits. In effect, the somewhat artificial 
conditions in which the uranium industry was created 
have completely disappeared; it is becoming increasingly 
subject to the ordinary market forces that govern the pro- 
duction and marketing of any mineral commodity and this 
will undoubtedly lead to some contraction and rationaliza- 
tion of the industry. 

The effect of the increase of supply over demand is that 
the need to stock-pile has disappeared and, in fact, while 
prices remain high, the consumer will tend to limit orders 
to the minimum and give priority to the exhaustion of high 
cost materials already held. The U.K. AEA alone is 
reputed to hold stocks of between 25,000 and 30,000 tons 
of concentrate. Long-term contracts and a desire to 


maintain a healthy producing industry will, however, 
mitigate the impact of the new policy to some extent. 

As very little is known of uranium production outside 
the free world, this discussion must be confined to non- 
Communist countries. 


Uranium is the sixth most important commercial 


Prospecting for 
uranium, using a 
Geiger counter to 
determine’ the 
radioactivity of a 
specific point, in a 
generally  radio- 
active area. 
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Uranium-bearing rock in the Algom Mines being 
prepared for blasting. 


mineral in the world (roughly equal to natural gas), repre- 
senting a value of about $800 million per annum. Coal, 
oil, iron, copper and gold, in that order, are of more 
value. 


Official Estimated Reserves 


Major reserves are mainly concentrated in three 
countries, Canada, South Africa and the United States; 
estimated known reserves are shown below. 


Country Short tons of U,O, 
Canada 380,000 
South Africa 370,000 
U.S.A. 220,000 
France 50,000 to 100,000 
India 45,000 
Australia 15,000 
Italy .. 7,000 
Belgian Congo 5,000 


Total 1,100,000 


Because of grade variations it is difficult to assess the pro- 
portion of these reserves that could be mined 40,000 
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A neutral disc filter operating by means of a disc 

revolving through a tank containing uranium pulp. 

The pulp is sucked on to the circular leaves and the 

caked solids crack off by internal expansion and are 

fed to an acid treatment bath for leaching. This view 
was taken in the Algom Nordic mill. 


outside sources as home demand can now be met by home 
production (see Fig. 1). Their contracts with Canada 
that were due to expire in 1962 and 1963, have been 
stretched out to cover several more years but eventually 
end in 1966. The option to renew these contracts at that 
date will not be taken up. Most of the South African 
production goes to the U.K. and these contracts also expire 
by 1966. 

This means that Canada and South Africa, both with 
tremendous industries built up around uranium mining, 
will have substantial amounts for sale after 1966. Both 
countries are seeking independent markets and will need 
to review their production tonnage in the light of any 
new contracts entered into. 


Lesser Producers 


The position of the lesser producers varies and briefly 
it is this. The Belgian Congo sources are reaching exhaus- 
tion and new deposits are unlikely to be brought into 
production. The main Australian producers, however, have 
contracts covering existing mineable reserves and can 
be expected to continue producing against Government 


economically at a cost commensurate with the 
stabilized price of uranium in say 1975. 


World Production 30,000 


World production is now just over 40,000 
tons a year and is expected to rise by 1,000 to 
1,500 tons annually until 1965. Top producers 
are the U.S. with roughly 17,500 in 1959 
followed by Canada (16,000) and South Africa 
(6,400). The U.S. production is expected to 
rise to about 20,000 tons, but Canada and 10,000 
South Africa will continue to produce at about 
the same rate as at present. 

Most of the American production is con- 


TONS 


20,000 


sumed locally (the bulk of it for the military 7 
programme) and the U.S. buys nearly all the 
Canadian output and some South African. 
They will, however, buy increasingly less from 


1957 1958 1959 1960 1961 1962 


FISCAL YEARS 


Fig. 1.—Official U.S. estimates of purchases over the years 1956-1967, show- 
ing the proportions to be supplied by home supplies, Canada and other 
sources. Note that the last column refers to a half-year period only. 
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The extensive acid-proof rotary filters 

in the uranium recovery plant at the 

President Steyn mine at Welkom in 
South Africa. 


contracts until the demand position 
becomes more favourable. French 
production is increasing, but home 
demand is such that the position is 
likely to be the same as in the United 
States with home demand being met 
by home production. 

Elsewhere, there appears to be little 
incentive to bring new deposits into 
production or exploit marginal and 
uneconomical mines unless there is an 
established home demand. 


Demand 

Outside the U.S.A., where some 
stability is introduced by naval 
demands, the position with regard to 
the future is unpredictable at the 
present time. Former forecasted 
figures for demand are proving to be 
quite unrealistic, and the only 
European country whose civilian demand for uranium can 
be estimated with any confidence is the United Kingdom. 
Even so, a number of bold assumptions must be made 
concerning Britain’s power installation policy in 10 years’ 
time, and the possibility of drawing upon stocks of depleted 
uranium cannot be ignored. 

Refinements in reactor design will in any case result in 
a somewhat lower demand than was anticipated at the 
time the original contracts with South Africa and Canada 
were placed. No official statement has ever been made 
about the military demands of the U.K.; if the OEEC figure 
of 1,500 tons/an. can be relied upon, there is still no 
guarantee that this will be a continuing figure. The U.K. 
could, nevertheless, prove to be a. large and growing 
market after 1966. In Europe, as represented by the 
Euratom members, the level of demand originally 
estimated for 1965 (4,500 tons/an.) may prove to be 
realistic for 1970. 


CANADA 


Uranium is the principal dollar-earning mineral export 
of Canada and, in the first seven months of 1959, 
amounted to $182.4 million (6% of the total exports). 
Under existing contracts the majority is sold to the U.S. 
and some to the U.K. and, although, as stated before, most 
of these contracts were to start expiring in March, 1962, 
they have now been extended, without increasing the 
amount involved, to take them through until 1966. In 
addition the U.S. AEC have announced that an advance 
payment of $2.50 will be made for each pound of uranium 
concentrate held for delivery in this stretch-out period. 


Extended Delivery 


This extended delivery will undoubtedly lead to a 
rationalization of the industry, which will probably 


strengthen the larger and more economic producers, by 
enabling those mines which would otherwise have shut 
down in 1962/3 to take over the contracts of the weaker 
producers and so maintain production at an economic 
level. This is scant comfort to those who will be forced to 
close, and at the end of the period the remaining industry 
will still have to depend on the growing civilian demand 
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for the bulk of its orders unless further unexpected 
military contracts are forthcoming. 


Severe Contraction 


Although American unwillingness to award further con- 
tracts te Canadian producers must, therefore, lead to a 
severe contraction of the industry, the survivors will 
probably succeed in cutting costs down to a level where 
they can compete with most other producers. Latest 
figures released by some of the largest concerns indicate 
that total production costs may be in the region of $3 per 
pound of U,O,. These compare favourably with all but 
the best South African producers and at this level the 
tonnage output could be somewhat greater than that from 
South Africa. 


SOUTH AFRICA 


Mines in South Africa appear to enjoy a more favour- 
able position owing to the fact that uranium is a by-product 
of gold. During the 1958/59 period the gold mining 
industry’s profit from uranium extraction amounted to 
£29.4 million, before providing for uranium loan interest 
and repayment. Nearly the whole of the £65 to £70 
million capital expenditure for the setting up of the extrac- 
tion plants was made available by the U.K. and U.S. but 
most of the plants will have passed the amortization period 
by 1961, and all by 1965. 

Of the 23 uranium producing mines, 15 produce for 
$4/lb or less, with four at $3 or less. The figure for Vaal 
Reefs and Hartebeest, for instance, is about $2.2. Of 
importance in the general economic situation in the 
uranium industry is the fact that these top, low cost 
producers are, in most cases, top gold producers as well. 
Although in an open market these producers could pro- 
bably set a pace which few others could follow, such a 
policy would result in a considerable part of South Africa’s 
own industry being priced out of the market. With the 
wide range of production costs that exist it is probable 
that South Africa will settle for a price policy which will 
enable a fair proportion of the uranium producers to 
compete. What floor prices these might represent is 
difficult to forecast but it appears likely to be between $6 
and $7/Ib. 


| 


52 NUCLEAR ENGINEERING 


Stockpiling uranium ore on the Colorado plateau, 
U.S.A., before treatment in the ore processing plants 
of United States Vanadium. 


Production is sufficient to fulfil existing contracts but an 
estimated 1,000 tons could be added to the 6,400 tons 
being produced at the present time. Total production 
could never much exceed 7,500 tons ore without installing 
more costly extraction plant, however. 

Although South African reserves are high the grade 
value is low, much of the gold tailings containing only 4-1 
pound of recoverable oxide per ton. 


US.A. 


As the top uranium producing and consuming country 
the U.S. enjoys certain advantages. Beside the fact that 
home production is assured of a home market, and will 
in fact, be geared to meet requirements, the ore is high 
grade. The average grade is 4 to 6 lb of oxide per ton 
as compared with the average of 24 lb in the case of 
Canadian ore and the South African average of a } to 1 Ib. 
The cost of production is, in many cases, high, due to more 
complex mining and metallurgical problems; the average 
cost since 1948 is quoted as $10.14/Ib. 

Little was known of the American resources when the 
urgent military requirement existed in 1948. An extensive 
exploratory period resulted in 1953 in important discoveries 
being made in the Gas Hill district of Wyoming and the 
ore reserves in this area are now estimated to be about 
30% of the total U.S. reserves. The next most important 
deposits are in the Ambrosia Lake area; severe mining 
problems have, however, delayed production there. It is 
understood that several producers in Wyoming and New 
Mexico will shortly be operating at low cost. 

Unless U.S. requirements, particularly military, drop 
drastically, American producers can look forward to a long 
period of satisfactory operation, provided world prices do 
not fall excessively. 


WORLD PRICES 


The price of uranium will undoubtedly fall. Commercial 
sales so far announced have marked a decline from 
$9-$10/Ib U,0, to $6.50-$7.00 within a year, but the 
handful of sales involved cannot be said to have taken 
place under true market conditions. At the U.S. AEC 
basic price of $8 a number of U.S., Canadian and other 
producers could certainly show high profits. With con- 
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struction costs amortized and teething troubles eliminated, 
these mines could probably sell at $6 or less. Looking 
ahead, it is reasonable to expect steady improvements in 
mining and metallurgical practice to lower costs. 

To what extent price would follow costs is problematical. 
The well-being of the uranium industry will remain the 
concern of Governments both on strategic and economic 
grounds and it seems unlikely that they would allow price 
wars or other circumstances injurious to the industry to 
develop. It is nevertheless widely thought that the leading 
producers could stand a fall in price to possibly half the 
current defence contract prices in the period under review; 
if this reduction can be matched in the chemical process- 
ing and fabricating sectors of the nuclear fuel industry, 
the total effect on the cost of power from the natural 
uranium stations should be significant. 

Commercial producers believe that one solution to the 
considerable problems that they face would be to free 
uranium from the political restrictions which at present 
surround its sale. This will not, overnight, create a vast 
new market, but it should allow a proper relation between 
production and demand to be established and for a real 
price to emerge which would allow the economic producers 
to continue operating and put the uneconomic producers 
out of their uncertainty. 


The end product, a Calder Hall fuel element being 
placed in a polythene cover at the AEA Springfields 
works in the U.K. before dispatch to the reactor. 
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OMRE 


Operating History and Experience 


By K. H. CAMPBELL 
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The Organic Moderated Reactor Experiment, built by Atomics International, achieved 
criticality in September, 1957. This article reviews the experience gained in some 


1400 MWd operation, between February, 1958 and August, 1959 


(CONSTRUCTION of the Organic Moderated Reactor 

Experiment was completed in May, 1957, and fuel 
loading and criticality followed in September. A general 
description of the plant was given in Nuclear Engineering 
for December, 1957. A detailed description of the critical 
experiment, loading of excess reactivity, and low-power 
physics tests has been presented!, as has the initiation of 
full-power operation’, in February, 1958. 

The operating history of the OMRE until August, 1959, 
is summarized in Table II, and will be seen to provide a 
basis for the study of three system variables:— 

1. A study of coolant decomposition rates at various 
high boiler (HB) concentrations in the coolant. 

2. A study of the effect of bulk coolant temperature 
on coolant decomposition rate. 

3. A study of heat transfer surface characteristics with 
increasing maximum fuel plate surface temperature. 

In addition, the overall reactor operation has supported 
the following activities: 

1. Irradiation of developmental fuel elements of 
interest for organic reactor power plants. 

2. Studies of the changes in physical properties of the 
coolant under irradiation. 

3. A study of materials of reactor construction in an 
organic environment. 

Test No. 1 was carried out under various conditions of 
temperature, coolant velocity, and power level, without 
operation of the purification system; decomposition pro- 
ducts built up to a concentration of 12% in the coolant. 
Test No. 2 provided the first sustained operation of the 
reactor in con‘unction with the purification system. Test 
No. 3 at 700°F coolant inlet temperature allowed evaluation 
of the operation of the OMRE at high bulk coolant tem- 
peratures. Operation under these conditions proved very 
satisfactory, and indicated that the coolant pyrolytic 
decomposition rate at 700°F in the external piping systems 
would not be a large factor in relation to the decomposition 
rate in an organic p°wer reactor oOverating at significant 
power levels. The first three tests were basically system 
checkout tests. 

Tests Nos. 4-11 provided information on the rate of 
decomposition of the coolant, the effect of radiation 
damage on the composition and properties of the coolant, 
and on coolant heat transfer characteristics, as well as 
extensive Operating experience at decomposition product 
concentrations in the coolant of up to 40%. 

The reactor was shut down in July, 1958, to allow 
removal of an OMRE fuel element from the core for 
examination of the heat transfer surfaces, and the installa- 
tion of two OMR experimental test elements. 

Operation of the reactor after the July shut-down 
indicated increasing activity levels as a result of build-up 


of impurities in the coolant, of which the primary active 
contaminant was manganese. Tests Nos. 12 and 13 were 
carried out to reduce the concentration of inorganic 
particulate matter in the coolant by means of purification 
system operation, with simultaneous reduction of the high 
boiler concentration from 40 to 8%. The first sign‘ficant 
decrease in the coolant heat transfer properties had been 
observed during the test which raised the coolant HB 
content from 30 to 40%, and the reactor was maintained 
at power during test No. 12 to verify the recovery in the 
heat transfer properties of the coolant upon reduction of 
the h’gh boiler concentration level. A power level of 
700 kW was maintained for test No. 13, to keep the reactor 
coolant temperature at 600°F, thus permitting greater 
operating capacity in the purification system by flashing. 


TABLE 

Composition and Physical Properties of OMRE Coolant 
Diphenyl . 16.09 

Meta-terphenyl .. 4 31 
Para-terphenyl .. 6.1% 
500°F | 700°F 800°F 
Specific gravity . 0.89 0.80 0.75 
Specific heat, B.t.u. ae 0.53 0.60 0.64 
Viscosity, centipoises “ 0.46 0.22 0.18 
Thermal conductivity, B.t.u ‘eh ery 0.069 0.063 0.061 
Vapour pressure, |b/in?abs ad 5.3 42.9 94.5 
Melting point range on .. | This mixture is a thick slurry, practically 
solid at 70°F, and becomes completely 
liquid at a “a slightly below 


Tests Nos. 14-16 were carried out to increase the concen- 
tration of high boiler decomposition products to the 30% 
level specified for normal full-scale power plant reactor 
operation. By this time, the particulate matter in the 
coolant had built up sufficiently to cause plugging of the 
coolant channels in the two OMR test elements, resulting 
in failure of one, and high temperature at the surface of 
the cladding of the other. Both of these elements and one 
OMRE fuel element were removed for hot cell examination 
in November. Clean-up of particulate matter from the 
coolant and coolant system were initiated in December. 


The Second Core 


The first core loading at this time had operated for a 
total of 5,600 hours, of which 4,800 hours had been at 
power conditions. A total of 958 megawatt days of energy 
had been generated and the remaining reactivity was not 
sufficient to allow more than approximately two more 


*Now OCDR-USAEC-AI Liaison Representative, Civilian Atomic Power 
Department, Canadian General Electric Co., Ltd. 
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Fig. 1.—Looking down into the reactor after completing 
the second core loading, with the moderator drained to 
the top grid plate. 


months of reactor operation prior to an extended shut- 
down for core replacement. To minimize total shutdown 
time and to eliminate any possibility of confusion with 
respect to future data, as a result of possible accumulation 
of particulates in the OMRE fuel element coolant channels, 
the first core loading of the reactor was replaced 
simultaneously with the clean-up of the coolant system. 

During this period, and prior to the second core loading, 
modifications to the reactor vessel head assembly were 
performed which allowed a greater number of experimental 
instrument leads to pass from the core vessel. Filtration 
equipment was installed in the coolant system piping to 
more adequately control the coolant particulate contamina- 
tion level during future operational periods. The coolant 
systems were thoroughly flushed with xylene and the 
coolant employed during the previous operating period was 
successfully purified and decontaminated by distillation in 
the purification system. This coolant was recharged to the 
reactor system in April, 1959%. 

Loading of the second core was initiated at the 
beginning of May and brought to criticality on May 9. 
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Nuclear measurements conducted during the loading. 
including core flux distribution, essentially duplicated those 
obtained during the first core loading in September, 1957. 
The completed second fuel loading is shown in Fig. 1 with 
the moderator coolant drained to the top of the top grid 
plate. Control rod extensions and fuel element instrument 
conduits are also visible in this photograph. 

Power operation was initiated on June 13, 1959, with a 
loading of 31 OMRE fuel elements. Run No. 19 which 
increased the HB concentration of the coolant from 0 to 
30% had an inlet coolant temperature of 600°F, with a 
maximum fuel plate surface temperature of 800°F. This 
was the first OMRE run at which maximum fuel plate 
surface temperature was maintained at 800°F, all previous 
runs having been limited to 750°F. Reactor operation was 
again interrupted for the installation of three OMR test 
elements (Run No. 20) into the core for irradiation studies. 
Two of these elements were essentially similar to elements 
previously irradiated in the OMRE; the third was a test 
assembly of a circular-type element of interest for applica- 
tion in OMR power stations. 

Test No. 21 with a constant 30% HB content in the 
coolant, a 600°F inlet coolant temperature, and an 800°F 
maximum fuel plate surface temperature was then initiated 
and continued to the end of August, when operation was 
interrupted for the scheduled removal of an OMRE fuel 
element for hot cell examination of the heat transfer 
surfaces. This removal was part of the overall programme 
to investigate the extent of material build-up on the heat 
transfer surfaces of a fuel element, as a function of fuel 
plate surface temperature. At the time of this shutdown, 
the OMRE had accumulated 1,400 megawatt days of 
operation, 958 megawatt days of operation on the first core 
loading and 442 on the second. 

Following removal of the OMRE element, operation will 
continue to provide additional information on coolant 
changes which may be encountered under extended run 
conditions, at system conditions of interest for nuclear 
power plants. 


OPERATIONAL EXPERIENCE 


Coolant Decomposition 


A summary of the data on polyphenyl Gecomposition 
rates obtained in the OMRE*‘ is presented in Fig. 2, 
decomposition rate being plotted as a function of high 


TABLE 2 
OMRE Operating History—September, 1957—August, 1959 
High boiler Bulk coolant Maximum fuel plate Coolant Veloci 
bong Month concentration temperature hot spot temperature through level 
%o (°F) (°F) (ft/sec) 

— | September Reactor critical: Reactor and system parameter testing — 
1 January .. in on oO——12 450-700 450-700 0-15 12 
2 | February a is 12 600 670 15 38 
3 | March... 12 700 750 15 24 
4 | March-April .. se 12 600 620 15 0.7 
5 | April 12 600 750 15 6.0 
6 | May 12——30 600 750 15 6.0 
7 | June re ie 30 600 750 15 6.0 
8 | June 30-—— 600 750 15 6.0 
9 | July - oA .. | Reactor shutdown: Removal of one OMRE fuel element for hot cell examination. 

Installation of two OMR experimental test elements. 

10 | August .. ae 600 750 6.0——_5.3 

11 | August-September... 41 600 750 15 5.3 

12 | September i vs 41—30 600 750 15 5.3——6.0 

13 | September 30—— 8 600 620 15 0.7 

14 | October .. e B——24 500 750 15 8.5 

15 | October-November Failure of one of the OMR experimental test elements with release of fission products into the coolant. 

Reduced power operation with failed element. 
R | of failed el 
16 | November 2430 | 750 15 8.5 
17 | November High ae pe pea readings on second OMR experimental test element. 
| of this el 
18 | December Removal of one OMRE fuel element for hot cell examination. 
Initiation of clean-up of OMRE coolant and system (removal of inorganic particulate matter and fission products). 

— | May Reactor critical: second core loading. 15 11.0 

19 | June 600 800 

20 | July _ Reactor shutdown: Installation of three OMR experimental test elements. 

21 ~| July-Augus 30 600 800 13 9.0 


a 
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,* 
ae 
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boiler concentration in the coolant. It is expressed as 
molecules of high boiler formed per 100 electron-volts of 
energy absorbed, G (polymer) left-hand scale, based on an 
average HB molecular weight of 460; and as molecules of 
coolant decomposed per 100 electron-volts of energy 
absorbed, G (-coolant) right-hand scale. The strong 
decrease in decomposition rate with increasing concentra- 
tion of decomposition products in the coolant confirms the 
results previously obtained from operation of the organic 
in-pile loop test® performed at the MTR in 1956-57. 

These decomposition rates are based on a calculated 
value of the total energy absorbed in the OMRE coolant 
moderator’. Of the energy, approximately 28% can be 
attributed to the thermalization of fission neutrons, and 
72% to the attenuation of gammas from fission and neutron 
capture. The calculations show that because of: (1) the 
high enrichment of the OMRE fuel, (2) the use of stainless- 
steel cladding on the fuel elements, and (3) the high volume 
ratio (10.4) of moderator-coolant to metal in the core, the 
total amount of energy absorbed in the OMRE is greater 
by approximately a factor of 2 than that which would be 
anticipated in a full-scale power reactor. 


In a full-scale power reactor, the amount of energy 
absorbed would be reduced to approximately 4% of the 
operating power of the reactor by the use of low enrich- 
ment fuel, low absorption cross-section cladding material 
and a much lower moderator to metal volume ratio in the 
core’. On the basis of equivalence of gross radiation 
damage effects of the various types of radiation per unit 
of energy absorbed, the decomposition rate of the coolant 
in a full-scale power reactor operating at a high boiler 
concentration of 30% would, therefore, amount to approxi- 
mately 27 lb per thermal megawatt day of reactor 
operation. Assuming an efficiency of 27% for conversion 
from thermal to electrical energy and a unit cost of 17c per 
Ib for make-up coolant, this would result in a coolant 
make-up cost of 0.7 mill per electrical kilowatt hour in a 
central station power plant. 


Decomposition gases and low boiler materials formed 
under high temperature irradiation have not been taken 
into account in this discussion. These amount to only 
2-3% by weight of the total decomposition products and 
are therefore quite negligible in the overall cost balance. 


Measurements of various properties of the OMRE 
coolant were carried out throughout the period of operation 
to date® %, Fig. 3 presents plots of the density, viscosity, 
specific heat and heat transfer characteristics of the OMRE 
coolant as a function of temperature and high boiler 
concentration. 


Fuel Elements 


During the operational period, difficulties were experi- 
enced with the two OMR experimental test elements and 
with one of the OMRE stainless-steel clad fuel elements of 
the first core loading. These difficulties resulted in the 
introduction of fission products and fuel material into the 
reactor system. 


The two experimental OMR test elements were of low 
enrichment uranium metal alloys with 3.5% molybdenum, 
with and without 0.5% silicon, clad with finned aluminium. 
One enriched to 4% was specifically designed to study the 
heat transfer characteristics of an extended surface fuel 
element, and the other, enriched to 8%, the behaviour of 
the fuel as a function of duration of irradiation. Plugging 
at the coolant inlet of the 8% enriched fuel element resulted 
in a loss of flow with consequent partial melting of the 
aluminium cladding and a release of fission products into 
the reactor coolant. There was less plugging of the inlet 
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Fig. 2.—Curve of moderator decomposition as a function 

of high boiler concentration. The solid points represent 

tests at constant HB content; results obtained at varying 
HB content are shown by open points. 


channels of the other test element and it was removed from 
the core prior to cladding failure. 

The material which plugged the inlet end of the coolant 
channels of these two elements was, in good part, inorganic 
in nature. Particulate matter in the form of pipe scale and 
metal filings had been observed in the circulating reactor 
coolant, following the initial commissioning of the facility, 
and the filtration equipment had not been adequate for 
control at that time. The fuel sections, as shown in Fig. 4, 
provided essentially the most efficient strainers available 
for coolant particulate removal. Peak burn-ups for these 
elements were of the order of 2,500 MWd/t upon removal, 
and the metallurgical examination of the elements for this 
burn-up indicated completely satisfactory performance. 

Failure of the OMRE fuel element became evident only 
upon removal of the first core loading from the reactor. 
Deformation of the fuel box prevented normal passage 
through the grid plate, and extraordinary forces were 
required for removal. The removal operation resulted in 
some mechanical damage to the element and the introduc- 
tion of irradiated fuel material into the reactor system. 

The operational history of the element indicated that the 
difficulties were most probably the result of a short period 
of reactor operation with less than adequate coolant flow 
through the element following the July, 1958, shutdown. 
The fuel element had been relocated in the core at that 
time and upon subsequent reactor start-up was found to 
be limiting the overall reactor power level, due to higher 
than normal monitored fuel plate surface temperatures. 
The reactor vessel was reopened revealing that the fuel 
element was not latched as required in the grid plate 
position. Upward coolant flow had lifted the fuel element 
sufficiently from the lower grid plate to allow partial 
by-pass of coolant around the lower inlet end, and resulted 
in the higher temperature readings observed. During this 
short operational period, temperatures at the location of 
the thermocouples did not exceed 830°F; however, else- 
where in the element, temperatures sufficiently high to 
carbonize the coolant and initiate deformation of the 
element evidently were in existence. Following the 
relatching of the element, monitored temperatures did not 
indicate abnormalities and further difficulties were not 
experienced during the remaining 400 MWd of operation 
of the first core loading. 


Heat Transfer Surfaces 

Three irradiated OMRE fuel elements have been 
removed from the OMRE core for detailed inspection of 
the heat transfer surfaces to date. The maximum hot-spot 
temperature of the fuel plate surface on the first two 
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elements, upon which inspection has been completed, was 
nominally 750°F. The third element removed from the 
second core loading after 442 MWd of operation at surface 
temperatures slightly greater than 800°F has not yet been 
inspected in detail. 

The first element was removed from the OMRE after 
549 MWd,.and the second after 958 MWd, of operation. 
The maximum nominal temperature of the fuel plates was 
approximately 750°F. High boiler content of the coolant 
ranged from 12 to 36% during the first 549 MWd of opera- 
tion with about 50% of the operation at the lower 
concentration. The high boiler content ranged from 8 to 
41% from 549 to 958 MWd with the majority of this 
operation at the higher concentration. During this period 
no extensive effort was made to remove impurities or 
foreign materials from the coolant. The results of the fuel 
element examinations’ were as follows: 

The first element was coated uniformly with a dark thin 
residue which could be partially removed initially by 
rubbing, but became hard and tenaciously bonded to the 
element with increasing time in the hot cell. The maximum 
measured : thickness of this residue on metallographic 
specimens was 0.0004 in. On the second element, a slightly 
thicker non-uniform deposit was found, which remained 
fairly soft and was estimated to vary from 0.003 to 0.006 in. 
Analysis indicated the major constituents to be isopropyl 
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Fig.3. Heat transfer coefficient (at by-pass heater), density, 

viscosity, and specific heat of coolant, plotted against tem- 

perature and high boiler content. All results normalized 
to a fluid velocity of 14.6 ft/sec. 


dipheny! (shipping cask coolant), iron, smaller amounts of 
inorganic materials, and some carbon. Only _ small 
amounts of organic high boilers were found. 

The formation of deposits on the fuel plate surfaces, 
although they have not presented a noticeable problem 
from the heat transfer standpoint, may present future 
problems if the thickness increases with operating time. 
The deposits appear to have formed as a result of the 
presence of impurities in the coolant, and quite possibly 
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Fig. 4.—Test fuel element for OMRE. 


are influenced by the isopropyl diphenyl used in the 
shipping cask for cooling of the elements during shipment. 


Corrosion Studies 


Mechanical and corrosion test specimens exposed in a 
dummy fuel element located in the OMRE core and in a 
section of the by-pass line have been examined and 
evaluated. Preparation of the corrosion element specimen 
holder" for installation into the OMRE core region is 
shown in Fig. 5. In-pile specimens, located in the core for 
eight months, were exposed to measured integrated neutron 
fluxes of the order of 9.010" nvt thermal and 2.8 x 10” 
nvt fast (energies greater than 1 MeV). The out-of-pile 
specimens were located in the by-pass line for 13 months of 
reactor Operation. Nominal bulk coolant temperatures 
were 600°F in the core and approximately 580°F in the 
by-pass line. Flow rates past the specimens at each 
location ranged from 0.3 to 0.5 ft/sec. 

Materials exposed in both locations included 1020 
carbon steel, type 304 and type 410 stainless steels, 
AISI 4130 alloy steel, aluminium, and magnesium. The 
magnesium was found to be pitted and generally attacked. 
The corrosion resistance of all other materials was con- 
sidered as good to excellent. The environment caused 
neither stress corrosion nor accelerated attack of bimetal 
couples and irradiation was found to have no significant 
effect on the corrosion rates. Mechanical property 
changes were experienced by the irradiated ferrous 
materials. The observed changes after irradiation in the 
polyphenyl environment were about the same as changes 
observed under the same irradiation without the polyphenyl 
environment and the magnitude of change was not 
considered serious. 


Coolant Activation 


Activity in the reactor coolant and resultant radiation 
levels at the coolant loops and equipment resulted from 
the following sources: 


1. Impurities inherent in the fresh coolant (from the 
manufacturing and packaging process). 
2. Impurities from the reactor systems and vessels 


which could not be completely removed in original 
systems cleaning. 
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3. Erosion-corrosion products from the reactor 


systems. 

4. Activity introduced into the coolant as the result of 
failure of fuel element cladding integrity. 

The radiation levels experienced from the first three 
causes to date have averaged approximately 10 mr/h per 
MW of reactor power as measured near the surface of a 
10-in. coolant pipe. The major activities from these 
sources have been Mn®*, Mn*4, Fe®®, Co®, $3, and P%, 
The major sources of these impurities have been coolant 
manufacturing and packaging, and rust, welding slag and 
metal filings never completely removed from the systems 
following construction. As the majority of these impurities 
are less volatile than the organic coolant, they are con- 
tinuously removed by the purification system during the 
normal course of high boiler control. 

The requirement for stringent impurity specifications for 
the fresh coolant has been relaxed to some degree by 
distillation of the material in the installed purification 
system, prior to introduction into the reactor system. This 
method of control has recently been introduced into 
OMRE operating practice and has shown promise of being 
very successful. Although general radiation levels experi- 
enced have been low, emphasis has recently been placed on 
equipment for the removal of particulate materials from the 
coolant on a continuous basis. Filtration, centrifugation, 
and cyclone separator units have been installed to 
determine the unit most adaptable and dependable for the 
organic system. Varying success has been experienced with 
all units and the contribution to the overall coolant activity 
from the various sources of inorganic particulates is being 
further reduced. 

Fission product activity was introduced into the coolant 
in conjunction with the cladding failure of the OMR experi- 
mental test element in October, 1958. Due to the absence 
of a rapid chemical reaction between the hydrocarbon 
coolant and the unclad uranium, only those fission products 
having a significant volatility at the operating temperature 
of the uranium were introduced into the coolant. Although 
the initial release was estimated to have been approximately 
1,000 curies of activity, the coolant systems were again 
completely accessible after 48 hours, and the only fission 
products remaining in the coolant in any significant 
quantities were and 


Component Dependability and Maintenance 


The pumps, valves and other components employed in 
the OMRE have been found to be most dependable in 
service. In general, these components are those which 
have been developed over the years for use in the petroleum 
processing industry. 

Inspection of the internal components of the pumps 
failed to disclose any evidence of erosion or corrosion after 
more than two years of essentially continuous service, and 
only normal wear has occurred on bearing and rotating 
seal surfaces. Packed valves have been completely satis- 
factory, and the minor leakage which has been experienced 
has not presented problems of contamination, due to the 
nature and the low activity level of the coolant. Flange 
leakage has not been a problem, standard raised-face 
flanges being employed on the coolant and gaseous systems. 
On the larger diameter applications, soft iron gaskets have 
been employed, while for sizes of 2 in. and below both 
soft iron and asbestos-filled flexitallic gaskets have been 
found to be adequate. 

Due to the low radiation levels prevalent, even during 
reactor operation, maintenance of components has not 
been a problem and has been found to be standard and 


Fig. 5.—Specimen holder for corrosion test elements. 


quite simple. The opportunity to maintain equipment 
during reactor operation minimizes the probability of 
encountering unscheduled major maintenance tasks. This 
fact has resulted in excellent operating continuity during 
the OMRE experimental programme, and certainly 
provides a good degree of optimism for high percentage 
efficiency and continuity of operation in a power plant 
employing such a simple reactor heat transfer system. 


Conclusions 


The Organic Moderated Reactor Experiment was 
designed as a facility to provide answers on the organic 
reactor concept based on actual operating experience. 
After essentially two years of plant operation, this experi- 
ence can now be evaluated with some confidence with 
respect to the originally conceived economic and operating 
advantages inherent in the concept. 

The properties of low vapour pressure and low chemical 
reactivity of an organic coolant-moderator have been 
substantiated. A reactor concept that will allow capital 
savings by the construction of a low-pressure carbon steel 
system is the result. Lower operating costs may be realized 
by high operating continuity, as a result of a simple reactor 
heat transfer system, utilizing standard components time- 
tested in other industrial applications, and maintenance 
procedures not complicated by high radiation levels. The 
decomposition rate of the organic materials has been 
shown to be low and not a great expense factor in an 
economic cost balance. The significance of the organic 
decomposition products and the effect of these materials 
on the physical and thermal properties of the coolant and 
system surfaces have been demonstrated not to be a 
problem in the range of reactor conditions of interest for 
the production of electrical power. 

Operation of the OMRE is continuing and will provide 
additional developmental information on components for 
OMR power reactors and the possibility of extending 
reactor conditions for the more efficient production of 
electrical energy. 
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The OMRE Facility 


The Organic Moderated Reactor Experiment (OMRE)’ was built by Atomics 
International for the U.S. AEC at the National Reactor Testing Station, Idaho. The 
accompanying description outlines some of the principal characteristics of the 


reactor, a cut-away drawing of which appears on the facing page. 


“THE OMRE is located at the National Reactor Testing 
Station in Idaho. The remote location was chosen to 
enable complete evaluation at a minimum cost of such 
problems as waste handling, shielding and exhaust gas 
venting. 

The reactor vessel is a mild steel (4% molybdenum, 1% 
chrome) pressure vessel, 44 ft in internal diameter, 28 ft 
long with a wall thickness of 1 in. The core, located in the 
lower part of the pressure vessel, is covered with a 14 ft. 
layer of coolant to provide biological shielding from core 
neutrons and gammas during operation and fuel handling 
operations. 

The OMRE is controlled by 12 control rods symmetrically 
located between the fuel elements. These rods consist of 
1} in. steel tubes loaded over a 36 in. length with compacted 
boron carbide powder. The 12 rods are hung in pairs from 
six hanger rods and are driven through rack-and-pinion 
drives. All rods perform the double function of control 
and safety rods. One pair of rods is driven through a 
differential gear by a fast regulating motor and a slow shim 
motor, and is used for continuous regulation in the opera- 
tion of the reactor. Shimming, as required, is done by all 
six rod pairs. Rod release upon scram is effected by means 
of a solenoid operated, ball-type latch. A kick-off spring 
ensures that the downward acceleration of the rod will be 
equal to, or greater than, the acceleration of gravity. 

The OMRE uses a stainless steel-UO, type fuel element. 
Each fuel plate consists of a 0.002 in. thick central matrix 
of 93% enriched UO, in stainless steel, clad on each side 
with 0.005 in. of stainless steel. The plates are separated 
by a coolant gap of 0.134 in. Each element is assembled 
from 16 fuel plates, two inactive end plates and two side 
closure plates to form a rectangular box 2.8 in. by 2.9 in. in 
cross-section. The active dimensions of the fuel plates are 
36 in. by 2.5 in. 

The coolant system circulates 9,200 gal/m of coolant from 
the reactor to an air blast heat exchanger where the heat 
generated in the core is rejected to the atmosphere. An 
air blast heat exchanger is used as a heat sink rather than 
the steam generator, because it simplifies control of tem- 
peratures over the wide range of experimental operating 
conditions. Circulation is accomplished by means of two 
4,600 gal/m centrifugal hot oil pumps operating in parallel. 
The mechanical seals of these pumps are cooled by the 
circulation of water through a jacket structure. A small 
leakage of coolant is considered permissible and is collected 
in drums for return to the system after routeing through 
the purification system. 

A nitrogen blanket provides an inner atmosphere above 
the free surface of the coolant and maintains a 200 p.s.i.g. 
pressure on the system, corresponding to a saturation tem- 
perature of 920°F for the OMRE coolant. A continuous 
purge of nitrogen over the surface of the coolant (approxi- 


mately 30 ft?/h) prevents any build-up of hydrogen and 
other light hydrocarbon gases formed in the decomposition 
of the organic coolant under irradiation and sweeps these 
gases to the exhaust stack. An expansion tank takes care 
of the change in volume of the hydrocarbon during large 
temperature changes of the coolant system with minor 
adjustment of the coolant level in the reactor vessel. 

The by-pass heater loop provides continuous information 
on the change in heat-transfer properties of the hydro- 
carbon during periods of reactor operation. The test 
section of this loop consists of an electric heater and 
temperature and flow instrumentation to allow determina- 
tion of heat-transfer coefficients as the result of changes in 
the characteristics of the coolant during reactor operation. 
The centrifuge shown in this loop is currently being 
operated on a development basis to provide information 
with respect to the adaptability of this equipment to 
removal of foreign particles from hot organic liquids. 

An auxiliary cooling system rated at 100 kW removes 
after-glow heat from the reactor core during shutdown, 
should the main coolant loop be inoperative. A water 
spray cooler is used as a heat sink for this loop. A filter 
system provides 40 and 5 micron steel filter cartridges in 
separate containers in this loop. Periodic manual cleaning 
of these filters is necessary to remove accumulated particu- 
lates. An original filter installation of a self cleaning type 
functioned only periodically, due to extensive difficulties 
with thermal binding. 

The purification system removes a small batch of 
damaged hydro-carbon from the main coolant system 
periodically as required by the operational mode. This 
system consists of a distillation unit operating at a pressure 
of 20 mm of mercury absolute. The damaged coolant is 
flashed in the single plate unit, providing separation of the 
undamaged coolant from the residue. The major portion 
of coolant inorganic impurities remain with the residue or 
high boiling compounds. The purified material with 
additional fresh make-up is returned to the reactor coolant 
system, while the waste is rejected to storage. 

With the exception of the reactor vessel, the entire 
coolant system is made of carbon steel. All components, 
such as pumps and valves, etc., are flanged into the piping 
system. All vessels and piping have preheating equipment 
to bring the temperature of the system above the melting 
point of the hydro-carbon and to maintain the coolant 
in a liquid state during extended shutdown periods. Induc- 
tion heating is used on the vessels and piping. The air 
blast hea* exchanger has an oil fired furnace. 

The coolant, prior to irradiation, is a commercial mixture 
of terphenyl and biphenyl, the predominant components 
being ortho and meta-terphenyl. Changes in density, 


viscosity, vapour pressure and other physical properties 
occur as the material is irradiated. 
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OWNER: 


DESIGNER/OPERATOR: 


LOCATION: 
TYPE: 
PURPOSE: 
RATING: 
OPERATION: 


FUEL: 


FUEL ELEMENTS: 


MODERATOR: 


CORE: 


CONTROL: 


REACTIVITY: 


FLUX: 


COOLANT: 


PRESSURE VESSEL: 


SECONDARY COOLER: 


No. 25 OMRE 


The United States Atomic Energy Commission. 

Atomics International, Division of North American Aviation, Inc. 
National Reactor Testing Station, Arco, Idaho Falls. 

Thermal, heterogeneous. 

Experimental. 

16MW (thermal) max. 


Diverged: September 17, 1957. 
Full power operation commenced February, 1958. 


Enriched uranium oxide: 
Critical mass 


16.4 kg 
Complete loading . . 


25.5 kg U9, 


Box type 2.8 in.x2.9 in. x36 in. active length, consisting of 16 
active plates spaced 0.134 in. apart. Plates consist of enriched 
UO, -stainless steel matrix 0.020 in. thick clad with stainless steel 
0.005 in. thick. 


Organic liquid (above 200°F) of meme 


Diphenyl .. 
Ortho-terphenyl .. 46.1 ae 
Meta-terphenyl 31.8%. 
Para-terphenyl .. 6.1%. 


Square lattice: 4.5 in. centres in 7 rows of 3, 5, 7, 7, 7, 5, 3 element 
positions forming cruciform shape with 37 positions. 
Actual number of active elements: 31. 


12 control and safety rods, symmetrically located between the 
elements, each consisting of 14 in. steel tube loaded for 36 in. 
with compacted boron carbide powder. Rods are driven in 
pairs through rack and pinion, one pair being used as regulating 
rods. 


7.87 Ak/k at 250°F. 

8.76% Ak/k at 450-480°F. 

7.82% Ak/k at 700°F. 

Shutdown reactivity at 250°F.: 
Allrodsin.. —8.2% Ak/k. 
2 inner pairs withdrawn —2.62% Ak/k. 
Equilibrium xenon and samarium .. —3. 887% Ak/k. 
Fuel burn-up ..  —3.94% Ak/k. 


Max. (thermal) at 700°F and 35% high boiler content in moderator: 
2.1 x n/cm?, sec. 


Moderator liquid: 


Operating temperature 500-700°F. 
Operating pressure .. 200 p.s.i.a. 
Velocity through core 15 ft/sec. 
Max. coolant flow 7200 gal/min. 


Steel (% Mo, 1% Cr): 1 in. thick. 
Diameter (internal): 4 ft 6 in. 
Height: 28 ft. 

Design pressure: 400 p.s.i. 


Air blast heat exchanger (finned-tube type gin two sections cooled 
by two fans with capacity of 1,150,000 ibjh. 
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Pull-outs already published in this series in ‘* Nuclear Engineering ”’ are: 
No. 


BEPO (April, 1956) 

(May, 1956) 

NRX (June, 1956) 

DIMPLE (August, 1956) 

ZEUS (September, 1956) 

CALDER HALL (October and December, 1956) 

RUSSIAN 5 MW (November, 1956) 

DIDO (January, 1957) 

THE SOUTH OF SCOTLAND ELECTRICITY 
BOARD STATION (February, 1957) 

BERKELEY POWER STATION (March, 1957) 

BRADWELL POWER STATION (April, 1957) 

DOUNREAY FAST REACTOR (June, 1957) 

EBWR (July, 1957) 

RWE 1 (September, 1957) 

LIDO (November, 1957) 

PLUTO (April, 1958) 

MERLIN (May, 1958) 

GI (June, 1958) 

HINKLEY POINT POWER STATION (July, 1958) 

NRU (February, 1959) 

HALDEN (March, 1959) 

LATINA (October, 1959) 

ZENITH (November, 1959) 

G2 (and G3) (December, 1959) 


ARs 
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No. 2. 
No. 3. 
No. 4. 
No. 5. 
No. 6. 
No. 7. 
No. 8. 
No. 9. 
No. 10. 
No. 11. 
No. 12. 
No. 13. 
No. 16. 
No. 18. 
No. 19. 
No. 20. 
No. 24. 
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Radiolytic Decomposition 


Analysis 


The Harwell Experiments 


Feces never attaining the status of a reactor 

project proper, research has been going on at Harwell 
for a number of years into the engineering implications 
of the organic moderated system and into the pyrolytic and 
radiolytic decomposition of various organic liquids 
including Santowax-R. Although the chemists have not 
had the advantage of an experimental reactor such as 
OMRE, they have been in regular touch with Atomics 
International and have been able to carry out their own 
irradiations in BEPO, which has been thoroughly calibrated 
in terms of energy depositions for a wide range of 
materials. Certainly, the extensive calorimetry backed up 
by foil measurements and calculations based upon known 
scattering cross sections allows considerable confidence to 
be placed in the figures assumed for BEPO. 

It was, however, an early confidence in the substantial 
validity of the experiments, made both in the U.S.A. and 
the U.K. that led to the evolution of a breakdown view- 
point which brings self-consistency to the experimental 
figures. The essential assumption which is now becoming 
accepted concerned the dependency of G value upon the 
linear energy transfer of the disruptive agency, i.e., the 
G value was not the same for heavy particles (and hence 
neutrons which produce knocked-on carbon and hydrogen 
ions in hydrocarbons), gamma rays and electrons. 

In extrapolating the results of any irradiation experiment 
to a power reactor or in comparing the results of irradia- 
tions performed in different reactors (or, for that matter, 
different positions in the same reactor) the following 
factors must be considered:— 

(1) The effect of dose-rate upon decomposition which 
is principally the formation of high boiling (HB) products. 

(2) The effect of mixing different radiations. 

(3) Differences in G value for different types of 
radiation. 

(4) Dependency of G value upon temperature and HB 
concentration. 

(5) The relevant energy depositions of the various types 
of radiation to be applied to the experiment and the extra- 
polated conditions. 

(6) The possibility of either catalysis or inhibition of the 
process by containing materials. 


Dose-rate Dependency 

Analysis of the HB fraction produced in samples 
irradiated for different lengths of time and at different 
beam currents by a Van de Graaff over a wide dose rate 
range and covering the deposition range from highly 
ionizing radiations anticipated in a power reactor, leads to 
the conclusion that for these radiations the G value is 
independent of dose-rate. In addition it would appear 
from other experiments that the effects are strictly localized 
and the time constants of meta stable conditions short. 
In the absence of any evidence to the contrary it is inferred 
that the same will apply to densely ionizing radiations. 


Mixed Radiations 

The simple assumption is that damage effects are additive 
and in all circumstances the total G factor can be expressed 
as:— 

G, = 2f,G, 
where f, is the fraction of the total energy deposition 
associated with a particular type of radiation whose G 
value is G,. 

Direct proof by, say, the irradiation of samples by 
independently controlled beams of two pure radiations such 
as electrons and neutrons is almost impossible to achieve 
in practice, but an elegant demonstration of the validity 
of the assumption has been given by Burns et al. who 
incorporated boron triphenyl in differing concentrations 
into samples of benzene, biphenyl and terphenyl. These 
were then subjected to similar doses of pile radiation, 
samples of zero boron concentration acting as controls. 
It had already been shown that the addition of the boron 


Fig. 1.—Initial G values for Santowax-R decomposition. 


compound did not affect the electron decomposition rate. 
Temperatures were held below those expected in a power 
reactor to minimize chemical and pyrolytic effects, but it 
would be unreasonable to suspect the result on these 
grounds. The presence of the boron provided an additional 
source of heavy particle radiation by the B (n, «) ‘Li 
reaction and the resultant increase in HB formation over 
the control samples in all cases showed a strict proportional 
relation to the boron concentration, superimposed addi- 
tively upon the decomposition due to the pile radiation. 

The experiment as a result allowed G values to be 
calculated for the two types of radiation, the value for the 
boron recoils being much higher than for the mixed pile 
radiation alone. 
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Dependence of G upon Radiation Type 


It is on this question of the dependence of G value 
upon the type of radiation that there exists the main 
difference of opinion between the U.S. and Harwell teams, 
Harwell maintaining from an early stage that the simple 
concept, that damage was solely a function of total energy 
deposited, could not be entertained. The explanation put 
forward for the higher factor determined for BEPO pile 
radiation by the U.S. was that the silica of the containing 
capsules was catalysing the decomposition but no real 
corroborative evidence was ever produced to support this 
view. Furthermore, operation of an aluminium-steel loop 
in BEPO gave initial decomposition rates identical with 
those predicted from the “ in-silica ” experiments. 

Recently measurements made in this country and 
America on the G value to be associated with electron 
irradiation have shown good agreement and are signi- 
ficantly below those measured for all the reactor irradia- 
tions, being between 24 to 4 times less than those 
experienced in BEPO. Experiments in the two countries 
have confirmed that the G value to be associated with 
gamma rays is the same as for electrons. This equivalence 
of electrons and gamma rays is to be expected, as the 
dominant effect of gamma rays must be through the agency 
of the Compton scattered electrons. 

If the dependency upon linear energy transfer is the 
reason for the disparity between electron and pile radia- 
tions then it must be expected that total damage will be a 
function of the incident energy of the heavy particles (as 
well as the total absorbed energy) as the ionization density 
increases with decreasing energy. 

Convincing demonstration of this has been provided 
at Harwell by irradiating benzene with proton beams of 
incident energy, from 1 to 4 MeV. In this series of 
experiments the protons were completely stopped in the 
liquid and the decomposition resulted therefore from 
the integrated effect of protons of energy from zero to the 
incident value. When normalized to the same total energy 
input, the G value showed a progressive increase from the 
4 MeV to the 1 MeV case. 

Accepting then that the G value is not a simple function 
of absorbed energy, separation of the differing effects of 
electrons/gammas and heavy particles requires an accurate 
knowledge of irradiation fluxes, and comparisons require 
further assumptions to be made of the similarity of: the 
neutron spectra. Using the BEPO energy deposition 
analysis, the Santowax G value for gammas (as determined 
by electron irradiation), and the figures for mixed pile 
radiations, the deduced initial factors for neutrons are 
shown at three temperatures in Fig. 1. It will be noted 
that at 350° C, G, is nearly five times the Gy figure and 
it is clear that extrapolation of loop data to power reactors 
must take the neutron: gamma ratio into account. 
Unfortunately it is much easier to cut the gamma fraction 
compared with the OMRE core than the neutron fraction, 
when designing a power reactor, but it is the neutron 
energy absorption which is the more important. 


Temperature Dependency 


Some early work reported in the literature must be 
discounted, because of the failure to pay enough attention 
to the accurate measurement of irradiation temperatures. 
At low temperatures the variations are not of great 
importance but at high temperatures the rate of decom- 
position increases rapidly with increasing temperature as 
can be seen from Figs. 1 and 2. These last measurements 
were made with mixed pile radiations in BEPO and refer 
to Santowax-R; furthermore the figures are depressed 
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i6 Integral G value for BEPO irradiated 
towax. Upper poifit at 399°C refers 
to one week’s exposure. Lower point 


14 indicates interpolated value for two 
4 weeks’ exposure. Points at 300°C and 
é ne 350°C are also interpolated values. 
£1: 
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Fig. 2.—Variation of radiation decomposition rate of Santowax 
with temperature. 


because G is expressed as a mean value over the irradiation 
period rather than as a strict initial rate. The steepness 
of the curve above 400°C indicates the limitations that 
must be imposed upon both bulk and peak coolant tem- 
peratures in a power reactor. 


HB Concentration 


Fortunately, with increasing HB concentration in the 
coolant the G value goes down, but not apparently as 
rapidly as could be inferred from preliminary figures 
quoted at the last Geneva conference for a small number 
of total HB concentrations determined for differing 
exposure times in BEPO. Interpretation of these total 
damage figures into G factors requires the derivation of a 
differential and a small change in the slope of the curve 
implies a significant change in G. Over the past 18 months 
Harwell have added a number of points to the curve 
which have shown that the decrease in rate is not nearly 
as precipitous as had been thought. 

Arithmetical analysis indicates that an expression of 
the form: 

where G, is the initial (zero HB content) value and C, 
is the fraction of undecomposed organic in the mixture, 
provides a good fit to much of the experimental data 
available. It applies to the electron irradiation of the 
terphenyls including Santowax-R, and on the limited data 
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Fig. 3.—Conversion of Santowax-R to HB by 1 MeV electrons 
at 350°C. 
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Fig. 4.—Pile irradiation of Santowax-R at 350°C. The smoothed 
curve follows a second order law. 


available (on para terphenyl and Santowax-R) is applicable 
to pile irradiations. This means that the decomposition 
rate at 30% HB content is approximately half the initial 
rate. The similarity of the electron and mixed radiation 
curves and of the curves for different organics is of con- 
siderable significance and greatly simplifies the calculation 
of G value at high HB concentrations once the initial 
rate has been determined. These recent deductions would 
seem at variance with the results of previous experiments 
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T= OMRE was originally designed to operate with 
diphenyl as the coolant moderator liquid. Subsequently, 
more data on the radiation stability and physical properties 
of the terphenyls, with their advantage of lower vapour 
pressures, has become available, and the coolant now used 
is a 10% low boiling fraction of Santowax-R which 
becomes completely liquid below 200°F and consists 
mainly of o and m terphenyl. 

The Piqua reactor and other future designs will use the 
lower priced Santowax-R after distillation to remove com- 
pounds of higher boiling point (HB) than p-terphenyl: 
this is designated Santowax O.M.P. and melts at < 300°F. 
Presently installed plant in the U.K. can produce up to 
0.7 x 10° lb/year at about 1/10d Ib; the cost is predicted 
to fall with increasing production. 

Pyrolytic Damage 

The available data on the pyrolysis of the polyphenyls 
falls within the limits shown in Fig. 1’. Taking 0.1% of 
coolant decomposed/hr as an upper limit, the bulk coolant 
outlet temperature is limited to 800-890°F. The tempera- 
ture conditions for an advanced 300 MW(e) design are? 

Coolant inlet temperature 550°F 
Coolant outlet temperature 675°F 
Mean upper fuel element temperature 810°F 
Total coolant volume 158,000 gal 

It is estimated that 108,000 gallons of coolant are at a 
mean temperature of 675°F decomposing at 0.003%/h or 
28.3 lb/h, 50,000 gallons are at a mean temperature of 
550°F decomposing at 0.0001%/h or 0.46 lb/h and that 
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in which mixtures of unirradiated organic containing vary- 
ing quantities of separated HB were irradiated and on 
analysis indicated that zero decomposition occurred at 


around 50% HB (or even had a negative value). These 
results are now believed, for various reasons, to be 
misleading. 
The second power law quoted above leads to the 
expression: 
Cus= 100 aR/(i+aR) 


where C,, is the percentage concentration of high boiler 
content resulting from a total irradiation exposure of R 
and a is a constant proportional to the initial G value. 
Fig. 3 shows the measured values for the electron irradia- 
tion of Santowax-R at 350°C with the above expression 
plotted against it, and Fig. 4 a similar comparison for pile 
radiation. 

Bearing in mind the inevitable experimental errors and 
the difficulties implicit in conducting experiments at con- 
stant temperature over long periods, the consistency of the 
fit of the second power law justifies its adoption at least for 
the time being. 

Clearly, also, more experimentation is required into 
radiolytic decomposition, particularly at high HB content, 
but the Harwell interpretation of the existing data does 
bring a large measure of consistency into what would 
otherwise be a mass of discrepant information. 


Make-up Data 


Electric Evaluation 


By J. SCRIVINS, ma. 
(Organic Reactor Project Office, The English Electric Co., Ltd , Whetstone.) 


0.3% of the total coolant is at a mean temperature of 
745°F adjacent to the fuel elements at any one time 
decomposing at 0.02% /h or 0.08 lb/h. The total pyrolytic 
decomposition rate is thus 29 lb/h, and with an estimated 
radiolytic breakdown of 1,100 lb/h amounts to 2.6% of 
the total organic decomposition. An increase of 50°F in 
the operating temperatures gives a pyrolytic damage rate 
of 112 lb/h or 9.2% of the total. 
Radiolytic Damage 

The experimental results on the rate of radiolytic decom- 
position of most direct application to the calculation of 
coolant breakdown rates in a power reactor are undoubtedly 
those obtained from the OMRE. In this experiment ter- 
phenyl has been irradiated in a reactor flux containing a 
proportion of unmoderated fission neutrons; the tempera- 
tures, in-core residence times and materials of reactor 
construction are also typical of those encountered in 
power reactor operation. 


TABLE 1 
Calculated Coolant Make-Up Costs 
300 MWe 
Piqua Advanced Reactor 

G(—coolant) at 30% HB 0.15 0.15 
% energy deposited in coolant a a -- | 45 4.0 
Coolant polymerized, Ib/MWdt 27.3 
Thermal output MW .. .. | 45.5 967 
Thermal efficiency % .. 25* 31 
Ib/day coolant need... | 26,400 
Cost of new coolant d/kWh at 1/6 Ib ze -. | 0,092 0.066 


* The Piqua reactor will supply steam to a steam header feeding existing 
turbines, this is an assumed efficiency for new turbines. 
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Fig. 1.—Pyrolysis of polyphenyls. 


In particular this reactor experiment has been operated at 
constant 30% HB content, as selected for future reactor 
operation, by processing the coolant to remove high boiler 
as it is formed. From the weight of HB formed per MWd 
of reactor operation, using a calculated value of 7.8%° of 
the total fission energy absorbed in the moderator, and a 
mean MW of 460 for the polymer, the decomposition 
rate can be expressed as 0.15 molecules of coolant poly- 
merized per 100eV energy deposited in the coolant or 
G(—coolant)=0.15 at 30% HB*. From this value the 
make-up rate for any proposed power reactor can be 
estimated using a calculated value of the fraction of the 
total energy deposited in the coolant and the thermal output. 
From the thermal efficiency of the station and the cost of 
new coolant, the coolant make-up cost is obtained (Table 1). 


Fast Neutron and Gamma Damage _ 


Implicit in the calculation of the data in Table 1 is 
the assumption that equal energy absorption in the 
moderator coolant for each type of reactor radiation gives 
rise to equal coolant damage®. Energy is absorbed both 
from the thermalization of fission neutrons and from 
gamma photons. 2.5% of the total fission energy is carried 
by the fission neutrons and is mainly absorbed by the 
organic. 7.7% of the energy is carried by fission and 
decay gammas, and a variable amount is absorbed by the 
organic depending on the particular core geometry and 
materials of construction, and further energy is deposited 
in the organic by gammas arising from capture of 
thermalized neutrons. The total amount of neutron and 
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gamma energy absorbed by the organic is calculated to 
vary from 4% of the total thermal output for the 
advanced 300 MW(e) design to 7.8% for OMRE and of 
this amount the fraction due to neutrons (f,) increases 
from 28% for OMRE to 62% for the 300 MW design. If 
the two types of radiation cause different damage per unit 
energy input the direct proportionality assumed between 
total energy absorbed and damage caused is not valid. 

It is now apparent that the G(—coolant) values found 
for OMRE! and the in pile MTR loop! are greater than 
those found for gamma‘ and electron irradiation 
and that the rates of damage found in BEPO® are higher 
still. The relevant values are given in Fig. 2; the differen- 
tial G values for the BEPO irradiation of Santowax-R 
include the latest data (see p. 60). These are not in line 
with the finding that Santowax-R to which 50% polymer 
has been added undergoes no _ further radiolytic 
decomposition®. 

The only satisfactory way in which the higher G values 
for the pile irradiation can be explained is by the assump- 
tion that the G value for fast neutron irradiation is greater 
than that for gamma irradiation, although if this is so 
higher G values for irradiation in OMRE with 28% 
energy from fast neutrons, than for MTR, with only 12% 
energy from fast neutrons, would be expected contrary 
to the experimental results. The assumption of greater 
damage by neutrons and other densely ionizing radiations 
is supported by the Harwell work® on the irradiation of 
benzene solutions of triphenyl boron, but is by no means 
confirmed for all organic systems. A similar effect found 
in the radiolysis of aqueous solutions has been explained 
in terms of difference of ionization density for the two 
types of irradiation and of a set of primary and secondary 
reactions for the radicals produced. The basic theory of 
organic radiolysis is not yet sufficiently advanced for a 
similar explanation; there is a great need for more basic 
research. 

In order to apply the experimental results given in 
Fig. 2 to the estimation of damage rates in future reactors 
it is also necessary to assume that the damage due to 
neutrons and gammas is additive. 


Gr = Gi fa + Gy fy 
where Gx is the value of G(—coolant) for a reactor flux. 
G, and fy are the values of G(—coolant) for neutron 
and gamma irradiation. 
f, and fy are the fractions of the reactor flux due 
to neutrons and gamma irradiation. 

The value of Gy is taken as equal tO Gyiectron. This 
is to be expected as gamma energy is dissipated by electrons 
from Compton scattering, and is confirmed by the 
equivalence between the values of Gy and Gerecctron at 
750° F as shown by curves B, C and D in Fig 2. That the 
dose rate in the gamma irradiation was a factor of 50 lower 
than that in the electron irradiation also indicated that the 
G value is independent of dose rate. 

The value of G, is calculated from the above equation 
using the measured value of Gz from a reactor experiment 
and calculated values of f, and fy. If the greater damage 
caused by neutrons is due to a higher ionization density 
then G, will be dependent upon the reactor neutron flux 
spectrum: since the neutron flux to which the organic in a 
power reactor is exposed will be similar to that in OMRE, 
the value of G, for OMRE is used to calculate G,. At 
30% HB the value of Gy (curve A) is 0.08 and G, for 
OMRE is 0.15. With f, = 0.28 and fy = 0.72 (in the core of 
OMRE 28% of the total energy deposited in the coolant 
arises from the neutron thermalization, 69% from fission 
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and decay gammas in the fuel and 3% 
from capture gammas from the core 
materials); 


0.15 = G, x 0.28 + 0.72 x 0.08 
or G, = 0.33 at 30° HB 


Values of G, previously quoted* are osb 
0.93 for BEPO irradiation at 0° HB, 
0.70 for MTR irradiation at 10% HB 
and 0.47 for OMRE irradiation at 10% 
HB. Using the data of curve G (Fig. 
2) for the value of Gp, seen to be 0.31 
at 30% HB and taking G,=0.08; f= 
0.54; fr=0.46 a value of G,=0.5 is 
calculated. 

The lower value found for irradiation 
in OMRE can be ascribed to the higher 
average energy of the partially unmoder- 
ated fission neutrons in the flux spectrum 
of this experiment. It is further essential 
that the value of G, should be deter- 
mined at the % HB content to be used 


G (—COOLANT) 


Fig. 2.—Variation of G(—coolant) 
with °% HB for y, electron and 
pile irradiation. 


in the proposed power reactor. 
Using G,=0.33 and Gy=0.08 at 30% 


HB the coolant make-up rates for proposed reactors are 
recalculated in Table 2. 


TABLE 2 
Coolant Make-up Rates for Proposed Reactors Adjusted 
For Greater Neutron Damage 


Piqua 300 MW OCR 
fn fraction of absorbed energy due to neutrons .. | 0.55 0.62 
fy fraction of absorbed energy due to gammas .. | 0.45 0.38 
Total % energy deposited in coolant ‘a ea 45 4.0 
Coolant breakdown rate Ib/MWd(t) 44 2 
Cost of new coolant d/kWh .. ae ‘a x 0.13 0.10 


These cost estimates are 42% and 53% above those given 
in Table 1. 

The increase arises directly from the experimental result 
that the G value for pile irradiation is greater than that for 
electron irradiation and the higher proportion of energy 
deposited in the coolant by neutron thermalization in power 
reactor designs than in OMRE. 

On the other hand, the quantitative interpretation of these 
differences has little justification. It is possible that the 
value of Gy for pure gamma irradiation is not applicable 
to mixed pile irradiation, and there are serious doubts 
whether the effects of neutron and gamma irradiation are 
simply additive. Moreover, from the figures used to cal- 
culate the values of Gg for power reactors in Table 2, 
the value of Gp “or the MTR experiments is calculated 
to be 0.11, con. Jared with the experimental value of 
0.15-0.18. In addition, it is not easy to see why the extent 
of radiolytic decomposition of the polyphenyl should be 
dependent upon the ionizing density of the type of radia- 
tion. For these reasons the estimates given in Table 1 
based directly upon the OMRE results are to be preferred: 
the estimates in Table 2 represent the most pessimistic 
interpretation of all the available data. 


Variation of Radiolysis with Temperature 

The values of G, and Gy used above have been calcu- 
lated from data obtained at or about 650°F, which is above 
the mean in pile bulk coolant temperature for both reactor 
systems considered. 

The data of Bates et al’ for the electron irradiation of 


Curve} Data | Ref. Organic [Radiation 
A |AERE| 7 Santowax-R VdeG 662 0 |100%electron 
B |AERE| 7 Santowax-R VdeG 752 electron 
¢ Al 6 m-terphenyl VdeG 752 QO |100%electron 
D Al 4 |Santowax-O.M.| y canal 750 0 100% gamma 
E Al 4 |Santowax-O.M.| OMRE /| 600-700} 28 72% gamma 
F Al 1 Polyphenyls MTR | 620-690 12 88% gamma 
G_ |AERE Santowax-R BEPO 662 54 46% gamma 


Santowax-R at 30% HB give a constant value of G=0.08 
at 572 and 662°F, increasing to 0.086 at 752°F. For 
p-terphenyl the values are 0.072 at 572 and 662°F and 
0.091 at 752°F. At 842°F the results for m-terphenyl> 
show G=0.29. The results from the MTR and OMRE 
pile irradiation were obtained in the range 600-700°F and 
are claimed to show no appreciable variation with temper- 
ature. For the BEPO irradiation of p-terphenyl and 
Santowax-R the initial G(—coolant) value increases by 17% 
between 572 and 662°F. At higher temperature not only 
do the initial values of G show a large increase but even 
more significantly the fall off in G with increasing % HB 
does not occur. The recent work of West!® on an upper 
useful temperature of 855°F for the polyphenyls as reactor 
coolants has confirmed that these compounds have the 
greatest stability of the wide range of 46 compounds 
investigated. 

More experimental data with the difficulty of carrying 
out in pile tests at controlled high temperatures is required 
before the rate of change of coolant damage rates with 
temperature can be calculated. The highest temperature 
proposed for an organic cooled system is 800°F for the 
coolant outlet temperature of the Canadian organic cooled, 
heavy water moderated power reactor!!. 


Radiolytic Gas Production 

Although radiolytic gas, mainly hydrogen, methane and 
some higher hydrocarbons, forms only about 1% by weight 
of terphenyl breakdown products it is necessary to know 
this rate of production for the design of the reactor 
degassification system. The available data for total gas 
production at 662°F is given in Fig. 3. No data from the 
MTR in pile loop or OMRE is available as these experi- 
ments do not include facilities for the accurate determin- 
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Fig. 3.—Radiolytic gas production at 662° F. 
Curve Source Ref. Organic Irradiation 
A All. 5 m-terpheny! electron 
B AERE 7 p-terphenyl electron 
24 AERE 7 Santowax-R electron 
D AERE 8 p-terphenyl BEPO 
E AERE 8 Santowax-R BEPO 


ation of the total quantity of evolved gas, although samples 
of gas have been obtained for accurate analysis of the 
constituents. Results obtained at 752°F are approximately 
double those at 662°F and data on gas production from 
gamma irradiation at 824 and 878°F® show the same 
rapid increase as found in G(—coolant) above 800°F. 
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fuel element designs have been proposed for 
organic cooled reactors. The first core of the OMRE 
had 16 active plates, 36 x 2.5 in., floating in a stainless steel 
box. Each plate consisted of 0.020 in.-thick cermet of stain- 
less steel/93°% enriched uranium dioxide, clad in 0.005 in. 
stainless steel. This reactor was intended for investigating 
the irradiation behaviour of organic liquids, not as a proto- 
type power reactor, and the design of fuel element was 
based on the already proven APPR element. It required 
some development to accommodate the greater tempera- 
ture differences between the plates due to the poorer heat 
transfer of organic liquids compared to water!. OMRE 
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Additives as Radiolysis Inhibitors 


Significant results have recently been obtained by 
Atomics International!? and the California Research 
Corporation”, on the inhibition of coolant radiolysis. In 
the A.I. work 2.5g samples of OMRE coolant plus 2% 
additive have been irradiated in the MTR gamma canal to 
11 Wh/g at 750°F and subsequently analysed for HB 
content and gas production. From the integral values of 
G(—coolant) and G(gas) obtained for the 56 additives 
investigated, 9 aromatic hydrocarbons have been found to 
reduce both these quantities: 3.4 benzpyrene is the most 
effective giving a 50% reduction in both G(—coolant) and 
G(gas). In the C.R.C.! work samples of various poly- 
phenyls were irradiated in the Brookhaven reactor for 10 
day periods with and without additives. The effect of the 
additive was measured by its effect on the viscosity increase 
and gas production by irradiation. Of the six widely differ- 
ing additives investigated thianthrene was found to be the 
most effective inhibitor: a 5% addition gave a reduction of 
20-30% in the extent of radiation damage. 

Whilst these early results show considerable promise for 
the reduction of coolant breakdown rates much work 
remains to be done on economic assessment, long term 
irradiation, induced activity and waste disposal, physical 
properties and on the mechanism by which inhibitors act. 
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OM Fuel Elements 


By 0. H. WYATT, M.A,, Ph.D., A.M.LMech.E. 
(Senior Project Engineer, Hawker Siddeley Nuclear Power Co., Ltd.) 


is now operating with a second core with various experi- 
mental fuel elements designed for power reactors. The 
design of fuel elements for the Piqua prototype land power 
reactor is described in pp. 68-71. 

OCDR (organic cooled, deuterium reactor), 150 MW(e), 
has been design studied by Canadian General Electric? 
using three fuel element configurations: 

(1) A plate type with uranium metal, which was rejected 
on metallurgical grounds. 

(2) An annular type, using uranium dioxide, with a centre 
1 in. diameter rod concentric with two fuel annuli 1.6 and 
2.5 in. mean diameter; the canning was a ductile aluminium 
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Fuel element assembly developed by Hawker Siddeley Nuclear 
Power Co. for the organic moderated reactor. 


alloy and the necessary strength to support the fuel was 
obtained by steel wire bracing. 

(3) The final design was a uranium dioxide rod, 2.76 in. 
diameter with 12 internal cooling channels; the canning 
was an S.A.P. (sintered aluminium powder) such as M257 
or similar. This material has sufficient strength at the 
operating temperature, up to 450° C, to support the oxide 

allets. 

The design for a ship reactor by Hawker Siddeley 
Nuclear Power uses a bundle of 19 fuel rods of about 
1.5% enriched uranium dioxide, 0.208 in. i.d. x 0.500 in. 
o.d. canned in smooth stainless steel 0.0068 in. thick. 
These are surrounded by a fluted tube of 0.0012 in. stain- 
less steel, see Figs. 1 and 2, and two 3 ft long bundles are 
screwed together to form a channel. A second core load is 
envisaged with S.A.P. cans and coolant tubes, allowing 
lower enrichment. 


Design Considerations 


In this last study, it was laid down at the start that the 
design must be based as far as possible on proven tech- 
nology, so that a reliable reactor could be built in the very 
near future. Two fuels were available on this basis: 
uranium metal (possibly with minor alloying) and uranium 
dioxide. The first was already being used in Calder Hall 
and ‘ Nautilus” and was projected for the first round of 
U.K. power stations. The second was being used in the Ship- 
pingport blanket elements and Dresden and was projected 
for the AGR, Yankee and many other reactors. As is 
well known, the maximum burn up of uranium metal is 
limited by swelling to about 3,000 MWd/t, whilst the maxi- 
mum burn up of oxide is probably only limited by physics 
considerations such as the initial reactivity and fission 
product poisoning. Two deciding factors in favour of 
using the oxide were the great dimensional stability and 
resistance to sea water. As the coolant flow area must be 
small to obtain a reasonable temperature rise—the mini- 
mum clearance is only 0.050 in. in the present design— 
it was thought that swelling and wrinkling of uranium 
metal would restrict the flow and cause a burn out. Also, 
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if there is a major accident and the fuel comes into contact 
with sea water, uranium dioxide will not be rapidly 
corroded, as uranium metal would be, and there is a better 
chance that the fission products would not be rapidly 
dispersed. 

The canning material can only be discussed once the 
fuel is determined, as the requirements for the two fuels 
are totally different. It is present practice to assume that 
the uranium dioxide contributes nothing to the structural 
strength of the element, although it appears to the author 
that one of the OCDR designs, involving wire bracing, 
relies on its compressive strength. This is, of course, the 
reverse of metal fuel element practice where the canning 
must primarily have great ductility to follow the wrinkling 
and swelling, and its strength is unimportant. Corrosion 
tests by Harwell and Atomics International had indicated 
that zirconium and magnesium were not compatible with 
terphenyl owing to hydride formation. 

For a maximum can temperature of 430°C, three 
materials were short listed: stainless steel, beryllium and 
S.A.P. On the grounds of existing technology, including 
irradiation experience, stainless steel was chosen—the 
particular steel being the titanium stabilized 18/8 to 
Spec. En 58B, with an allowable stress at 430°C of 
18,300 p.s.i. and an absorption cross section of about 
0.25 cm—. It is interesting to note that although both the 
fuel and the canning materials had been used in power 
reactors, this combination had not been in service at that 
time. 

S.A.P. is regarded as the next and possibly best can 
material with a strength/absorption ratio of about four 
times better than steel. Beryllium has effectively no 
absorption, but this is not such an advantage over S.A.P. 
because of the absorption by the terphenyl. The cost of 
S.A.P. canning is significantly less than beryllium. This 
promising material is currently being developed for 
organic cooled reactors at several research centres, 
including Chalk River and Risg. 


Element Bundle Design 


It was found that a bundle of 19 rods was superior to 
seven rods both as regards heat transfer behaviour, 
minimum steel quantity and maximum clearance between 
bundles. This clearance is under | in. in the present design 


A pumped terphenyl equipment test loop using resistance and 50 
cycle induction trace heating has been in operation over the past 
year at the works of Hawker Siddeley Nuclear Power Co. This loop 
has been used for valve, pump and instrument testing and a full 

size reactor valve has been incorporated for special tests. 
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and would have been under 0.5 in. in a seven-rod design 
due to the small amount of terphenyl moderator required, 
as determined by the need for a negative temperature 
coefficient. At 1 in. clearance, it is just possible to locate 
the channels individually from a support grid and permit 
removal of single channels. Smooth tubes are used, as 
finning with- stainless steel is not economic due to its high 
absorption and low conductivity. Some tentative investi- 
gations were made of aluminium finning on stainless steel 
tubes. 


Shock Loading 

The fuel element is subjected to a number of mechanical 
loads. The shock loading is very high, being initially 6g 
laterally and 15g vertically (along the bundle axis); the 
specification for the lateral acceleration was later increased 
to 9g and the coolant tube thickness was increased from 
0.012 in. to 0.018 in. 

The allowable stress is increased to the yield stress of 
27,000 p.s.i. under shock loads. To minimize the amount 
of steel, it was essential to join the tubes into a rigid bundle 
and also provide a grid at the middle of the core which 
limits the central deflection of the channel under lateral 
shock. The tubes are joined at about 6 in. pitch by short 
stainless steel spacers which are spot welded in place 
during assembly and finally furnace brazed. 

A suitable braze metal had to be chosen. The silver- 
copper alloys, which have a convenient brazing tempera- 
ture around 800°C, were rejected because of silver’s high 
absorption and copper’s incompatibility with terphenyl. 
The palladium-containing alloys, which have been 
developed by the Mond Nickel Co., were chosen for closer 
study and two have been selected for testing: PN1 (Pd. 
60; Ni, 40) and CPNM2 (Cu, 55; Pd, 20; Ni, 15; Mn, 10). 
These metals have been found to fill the joint well and 
have the necessary strength but their brazing temperatures, 
whick are 1250°C and 1110°C respectively, are rather high, 
although the stainless steel has been found not to suffer 
grain growth or excessive penetration. 

Temperature differences occur between the outer and 
inner fuel rods because of the flux variation and between 
the fuel rods and the unheated coolant tube. In a com- 
pletely rigid bundle these would create intolerable thermal 
stresses and the design is arranged so that the centre fuel 
rod and the coolant tube are only held axially at one 
section. The outer and intermediate rings of fuel rods are 
rigidly held so that considerable thermal stresses are 
developed between them. Experiments are being made to 
ensure that these stresses can be carried, that bowing and 
restriction of the coolant flow does not occur and that 
the bundle behaves as a single member in bending. 

Fission product gases diffuse out of the oxide fuel and 
cause an internal pressure on the cans. Some free volume 
must be provided to prevent very high pressures and in 
this design there is an axial void amounting to 20% of 
the fuel volume; this space may have to be filled with 
porous magnesia to locate the fuel, which cracks in service. 
All the facts on gas release have not yet been established 
but calculations based on the work of Booth? showed that 
about 3% of the fission product gases should be released. 
A figure of 20% was taken to allow a wide margin of 
safety, giving a gas pressure of 215 p.s.ia. at 1000°C. 
This pressure is doubled by the helium which is put into 
the can on closure to assist heat transfer and prevent 
buckling. The buckling condition arises when the reactor 
is started up due to the pressure of the coolant which is 
about 100 p.s.i.g. The maximum safe external pressure is 
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“_ 19 FUEL RODS PELLETS 
SHEATHED IN STAINLESS STEEL 


GUIDE TUBE SEAL-BOTTOM 
LOCATION GRIO 


The fuel elements comprise uranium oxide clad in stainless 

steel, in the form of bundles of 19 unfinned circular rods. 

The bundles are divided longitudinally into two parts in 
order to allow axial cycling of the fuel. 


between 60 and 80 p.s.i. depending on the allowance made 
for out-of-roundness. 


Heat Transfer 


Heat transfer calculations for non-boiling turbulent 

conditions were based on: 

Nu=0.015 Re®-85 Pr®-30 

which had been found to hold for polyphenyls‘. Experi- 
ments are being made to check that this equation applies 
to close packed rod bundles, and to investigate the effect 
of manufacturing tolerances, spacers, non-uniform heating 
and entry effects. Little trouble is expected as comfortable 
margins exist against material failure and boiling. The 
work will later be extended to investigate boiling regimes 
with forced and natural circulation and the onset of 
laminar flow. 

Finally an exponential experiment is being prepared 
using the Jason reactor to investigate fine structure on 
which more reliable calculations of temperature coefficients 
at high burn-up can be based. 

The author wishes to thank his colleagues of the Hawker 
Siddeley Nuclear Power Co. who have participated in 
the work described, particularly Mr. N. C. Chrimes, for 
assistance on metallurgical topics. 
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T= most suitable organic moderator-coolants found so 

far are the polyphenyls, which are made by the pyrolysis 
of benzene, and the best members of this class are the 
terphenyls, of which three isomers are formed; these are 
ortho, meta and para terphenyl. 

At present terphenyls are not made by first intent, as 
there has only been interest in these products for specialized 
uses, but they occur as by-products in the pyrolysis of 
benzene to diphenyl. Hence production of terphenyl is kept 
down to a minimum. The commercial terphenyl product 
which has been found most suitable is Santowax-R which 
is a mixture of the terphenyls, containing approximately 
12% ortho-terphenyl, 56% meta-terphenyl and 30% para- 
terphenyl. The residue contains small amounts of diphenyl 
and materials of higher boiling point than para-terpheny]l. 

The consumption of organic moderator coolant in a 
reactor depends very much on the detailed design of the 
core, the equilibrium composition of the organic fluid, and 
the operating conditions. Estimated values vary from 
1.5 X 10* Ib/MW(e) year to 12x Ib/MW(e) year, and it 
would appear reasonable to take a value of say 5X 104 
lb/MW(e) year for purposes of future forecasts. 
Thus a power station generating 100 MW of electricity 
would utilize about 2,500 tons per year of replacement 
organic moderator coolant. For ship propulsion, a tanker 
of, say, 65,000 tons weight would require around 2,000 shaft 
horsepower, which would mean a reactor of say 80 MWi(t) 
output. Such a ship would need about 500 tons/year of new 
moderator coolant, assuming a high load factor. 

At present Santowax-R arises during the manufacture of 
diphenyl. For the larger quantities required for several 
nuclear reactors it would be made as the main product. A 
cheaper alternative to the use of Santowax-R may be the 
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Polyphenyls 


The U.K. Supply Position 


By S. BAXTER and J. CHURCHILL 
(Monsanto Chemicals Ltd.) 


use of a mixture of Santowax-R and diphenyl, but by doing 
this one of the most valuable properties of the Santowax-R 
is lost to some degree. The very low vapour pressure of 
Santowax-R at high temperatures would be increased by 
the addition of the diphenyl, which would probably 
necessitate the use of more specialized components in the 
construction of the reactor. The following table shows the 
vapour pressure at 370° C of Santowax-R, diphenyl, and 
mixtures of the two. 


p.s.i. 
75% Santowax-R 45 
50% Santowax-A 69 
25% Santowax-R 92 


The ultimate availability of polyphenyls will depend on 
the benzene supply position, and accordingly this has been 
made the subject of some study. Benzene is at the moment 
manufactured by the coal tar industry and it is expected 
that output from this source will be sufficient to cover any 
developments. However, in the event of demand still 
exceeding this supply, it is expected that the Petrochemical 
industry could make available further supplies of benzene 
from petroleum sources. 

Should the organic moderated reactor projects gather 
momentum in Great Britain and in other parts of the world, 
it is not felt that shortage of coolant at an economic price 
will hold them back. The chemical industry has been aware 
of the situation for some time past, and is confident that 
adequate supplies of coolant can be made available. 


Sintered Aluminium Powder 


ECENT evaluations of the potential of the organic 
moderated reactor as the heat source of a large base 
load station in the U.S. have placed great emphasis on the 
successful development of sintered aluminium powder 
(S.A.P. or APM) as a fuel canning material. For small 
reactors its advantages are not so clear cut and for a ship 
reactor, where more stringent fault conditions must be con- 
sidered than in a large land based plant, the temperature 
margin between operating conditions and the melting point 
of aluminium or its derivatives may be considered too 
small. Comprising essentially a compact of aluminium 
particles coated with oxide, the resultant material can have 
an oxide content in the range 5-18%. The final figure 


depends upon the method of manufacture and the initial 
particle size. 

The main advantage of ihe sintered product over alumi- 
nium concerns its strength at high temperatures. Although 
ductility decreases with increasing oxide content the tensile 
strength rises and can be more than five times that of 
aluminium at 15%, even at room temperature. 


At the 


same time the inclusion of the oxide implies no sacrifice 
in reactivity as metallic alloying does. 

The chief disadvantage is the difficulty of making joints. 
Limited success has been achieved with flash butt-welding 
techniques but these are not yet developed to the point 
where they could be used for fuel element end caps. Con- 
ventional methods of welding such as argonarc are not 
applicable. 

Extrusion into finned shapes with good heat transfer pro- 
perties has been demonstrated and a number of experi- 
mental tubes have been produced. There is no reason to 
suppose that tube manipulation would place any serious 
limitation on its use for fuel element cans. 

S.A.P.—originally introduced by the Swiss company 
Société Anonyme pour I'Industrie de l’Aluminium—is 
manufactured under licence in the U.K. by High Duty 
Alloys in sheet form under the trade name of Hiduminium 
100. This concern is also carrying out development work, 
and research into its properties is being undertaken 
at AERE, Harwell: 


ae 
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Engineering Design 


of Piqua OMR 


By E. F. WEISNER 
(Chief Project Engineer, Atomics International) 


A 45.5 MW(t) organic moderated nuclear power plant is being built by Atomics International 


for operation by the City of Piqua Municipal Power Commission. 


Steam will be supplied 


to existing generators, the total electrical output being 11.4 MW. Operation is 


scheduled for 1961. : 


pra Organic Moderated Reactor is part of the U.S. 

AEC programme to demonstrate the technical and 
economic feasibility of using reactors for the production of 
electrical power in small central station facilities. The 
plant is thus a logical development from OMRE. Initially 
the Piqua OMR was to be housed within a conventional 
building located on the west bank of the Miami River. A 
site on the east bank was finally selected, however, as it 
provided a larger exclusion area (see Fig. 1). In addition, 
as an added measure of protection, it was decided to 
provide a shielded containment vessel around the reactor 
and main heat transfer system. 

The 45.5 MW(t) reactor will be operated by the City of 
Piqua Municipal Power Commission for the production of 
electrical power for consumer use. A _ simplified flow 
diagram is shown in Fig. 2. Fuel for the reactor is a 
slightly enriched uranium metal alloy clad with aluminium. 
The organic hydrocarbon liquid used as coolant and 
moderator for the reactor is a commercially available 
mixture of terphenyl isomers. The steam produced in the 
reactor plant will be supplied to the City of Piqua 
Municipal Power Station, for use in existing steam-turbine 
generators. Approximately 11.4 MW(E) will be generated in 
the power station from the steam produced in the reactor 
plant. Operation of the plant is scheduled to begin in 1961. 

Fig. 3 shows a vertical section of the reactor. Made of 
low carbon steel, the reactor vessel has an inside diameter 
of 7.6 ft, an overall height of 27 ft and a wall thickness of 
2 in. It is designed to meet applicable ASME codes for 
an internal pressure of 300 p.s.i.a. and 750°F. Coolant 
inlet and outlet nozzles penetrate the vessel near its upper 
end, arranged as shown in Fig. 4. Other nozzles are pro- 
vided for the control rod electrical leads and for 
thermocouple leads. The head is bolted to the vessel and 
sealed by a soft metal gasket. 

The core consists of 85 fuel elements of slightly enriched 
uranium and up to 13 control rods. This assembly is 
positioned near the bottom of the reactor core tank, as 
shown in Fig. 3. It is surrounded by an annular thermal 
shield supported from a ledge inside the tank. Steel grid 


POWER S ge MIAMI RIVER 


MUNICIPAL SEWAGE 
TREATMENT PLANT 


plates located above and below the core serve as support 
for the fuel elements and control rods. 

Organic fluid enters the tank above the core, and then 
flows downward through the fuel elements into the lower 
plenum below the lower grid plate. It then flows upward 
through the annulus between the core tank and the thermal 
shield into the outlet plenum of the core tank and back to 
the primary coolant loop. The organic fluid fills all of the 
available space in the tank and serves as moderator, 
coolant, and reflector for the core. 

Fuel elements consist of uranium fuel material clad with 
aluminium. The fuel material is a metallic uranium alloy 
enriched to approximately 1.9 w/o U5. The alloy is com- 
posed of uranium, approximately 3.5 w/o molybdenum and 
less than 1 w/o of a stabilizing element such as aluminium 
or silicon. The aluminium cladding has a finned surface 
to provide extended heat transfer area. It is metallurgically 
bonded to the uranium fuel using a diffusion barrier of 
nickel approximately 0.0005 in. thick. 

The fuel elements, as shown in Fig. 5, are circular in 
cross-section 5.25 in. o.d. and approximately 76 in. long. 
The uranium in the element is in the form of two concen- 
tric tubes. Four sections make up the 4.5 ft active length. 
The inner and outer surface of each fuel tube are covered 
with finned cladding, as shown in Fig. 6. To improve heat 
transfer, the fins of the cladding are twisted in a slight spiral 
along their longitudinal axis. The assembly of clad fuel 
tubes is positioned between two concentric steel tubes. The 
ends of the steel tubes are fastened to upper and lower end 
pieces of the fuel elements. The upper end piece fits in 
the upper grid plate and is designed to facilitate fuel- 
handling operation and supports the weight of the fuel 
element. The lower end piece guides the element in the 
lower grid plate. 

The control rods for the reactor consist of compact 
unitized assemblies located inside the core tank and 
immersed in the coolant above the core (see Fig. 7). The 
neutron absorber element consists of an assembly of tubes 
filled with boron carbide, positioned to operate inside the 
circular fuel elements. The drive mechanism operates on 


Fig. 1 (Left).— 
Aerial view of 
the site showing 
location of the 
reactor on the 
east bank of 
the Miami River. 


(Right)—An 
impression of 
the 45.5 MW(t) 
reactor station. 
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Fig. 2.—Piqua OMR flow diagram. 


the magnetic jack principle wherein the rod is raised or 
lowered in discrete steps by energizing appropriate sets 
of electromagnetic coils. 

An orifice is located in the inlet (upper) end of each fuel 
element that does not have a control rod positioned above 
it. The orifices are adjustable during shutdown and will 
be so set as to produce the same temperature rise across 
each fuel element. 

During full-power operation, the coolant is heated in the 
core from 525 to 575°F while transferring 155 x 10° B.t.u./h, 
i.e., 45.5 MW(t), from the core. The coolant is pumped by 
two main coolant pumps to the superheater and steam 
boiler, where the heat is transferred to the steam system (as 
shown in the simplified flow diagram, Fig. 2). A total 
of 150,000 lb/h of superheated steam is produced, at a 
pressure of 450 p.s.i.a. and a temperature of 550°F. The 
main coolant system consists of a single loop in which two 
6,000 gal/min pumps operate in parallel pumping 
12,000 gal/min to a single superheater and boiler. A flow 
by-pass is located around the boiler for control purposes. 

The plant control system provides for automatic load 
following operation over the range of 15% to 100% of 
rated power, or for manual operation at any level and 
during plant start-up. The system is designed to provide 
operational flexibility comparable to that of a conventional 
power plant. Plant steady state control programmes are 
shown in Fig. 8. The plant is designed as a load-following 
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Fig. 3.—Piqua reactor core assembly. 
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system; that is, reactor power level is varied according to 
steam demands. Superheated steam at constant pressure 
is supplied to the steam header in the Piqua municipal 
power plant. The plant control programme is based upon 
constant core coolant flow, constant core outlet tempera- 
ture, constant superheated steam pressure at the Piqua 
header, and variable organic flow to the boiler by means 
of a by-pass. 

Two sub-systems provide primary plant control: a 
reactor flux control sub-system adjusts boiler and boiler 


- DEGASIFIER SYSTEM OUTLET 6” DIA. 
ANTI-SYPHON LINE 2” DiA Ai VENT LINE 1” DIA. 


Fig. 4.—Cross-section of reactor core tank. 


by-pass organic flows to maintain constant Piqua steam 
header pressure. Hot leg temperature error drives the 
reactor flux set point computer and deviation from Piqua 
steam header pressure drives the flow set point computer. 
A conventional three-element feedwater control system (in 
which the feedwater flow is adjusted to match steam flow 
and reset to maintain a constant liquid level in the boiler) 
provides the correct amount of water to the steam 
generators. 

A protective system reduces reactor power level auto- 
matically when an off-normal condition is detected. The 
corrective action will be either a reduction of reactor power 
(power setback) or a shutdown (scram). Coincident 
circuitry is used to initiate all power setback and scram 
signals except the manual and reactor period signals. 
Generally, three sensing instruments are used to monitor 
any given variable which, if abnormal, would require 
corrective action. Corrective action is not taken unless at 
least two of the three sensing instruments simultaneously 
give abnormal signals. 

Although each circuit is fail-safe, the signal given by the 
failure of a single circuit in a coincident circuit arrange- 
ment merely causes an alarm. The malfunction detection 
circuit then actuates the apovrovriate annunciator. A 
failure or abnormal signal on either of the remaining two 
circuits would then cause automatic corrective action. The 
power setback is intended to correct off-normal conditions 
in the reactor without a complete shutdown. The variables 
and necessary conditions for initiating a setback are listed 
below in Table I. 


TABLE | 
Power Setback 


CONDITION OF VARIABLE TO 


VARIABLE INITIATE POWER SETBACK 


Reactor period, intermediate range 


(start-up only) Short 
Neutron flux High 
Outlet coolant temperature High 
Manual . Button depressed 
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Power setback automatically lowers the control rods and 
thereby reduces reactor power. Power reduction is con- 
tinued until all conditions requiring a setback are corrected. 
A scram is initiated only if all other automatic actions of 
the plant protective system fail to correct a condition which 
is potentially dangerous to the plant or to personnel. The 
reactor may be scrammed manually if the operator is not 
satisfied that a serious condition is being adequately 
corrected. The variables and the necessary conditions for 
initiating a reactor scram are listed in Table II. 


TABLE I! 
Reactor Scram 
CONDITION OF VARIABLE TO 
VARIABLE INITIATE SCRAM 

Neutron flux* High 

Coolant system pressure High and low 

Pressurizing system organic flow ow 

Core outlet coolant temperature* High 

Flow in coolant loop Low 

Power to a main pump Loss 

Manual Button depressed 


*Power setback is introduced before scram set points are reached causing 
corrective action, before a scram is required. 


When a scram occurs, the immediate and most important 
action is the dropping of the control rods into the core to 
make the reactor subcritical. Simultaneously, the plant is 
automatically shut down in an orderly and safe manner: 
the neutron flux controller is deactivated and the decay 
heat removal system is actuated. The cause of the scram 
is registered on the scram annunciator as an aid in locating 
the difficulty and correcting it as rapidly as possible. 

The steam boiler and superheater are constructed of 
carbon steel. The boiler is a conventional vertical shell 
and tube reboiler type with the organic coolant on the 
tube side and boiling water on the shell side. The super- 
heater is also a standard shell and tube exchanger with 
the coolant on the shell side and steam in the tubes. The 
boiler contains an internal steam separator to minimize 
water carry-over to the superheater. These units use ¢ in. 
diameter U-tubes rolled and seal welded to a single tube 
sheet. The fluid in the tubes makes a single pass through 
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Fig. 5.—Fuel element. 


Fig. 6.—Piqua OMR fuel segments assembled. 


the units. The units will be constructed according to the 
ASME code for unfired pressure vessels for design 
conditions of 300 p.s.i.a. and 750°F. 

The radiolytic decomposition of the organic coolant 
produces gases which must be removed from the coolant 
to prevent a pressure build-up in the system. The degasifi- 
cation system is designed to remove these gases (primarily 
hydrogen, methane, and other light hydrocarbons) from the 
coolant. 

Degasification is accomplished by spraying a stream of 
hot coolant into a tank maintained under vacuum. Water 
vapour and decomposition gases are separated from the 
coolant and vented to the stack. Coolant vapours are 
condensed and returned to the system. The coolant with 
reduced gas content from the degasifier tank is pumped by 
the pressurizing pumps back to the reactor core tank. 

During a planned shutdown, the reactor plant is initially 
cooled by normal circulation through the steam boiler and 
superheater. The decay heat removal system is also avail- 
able to remove decay heat from the reactor core following 
such a shutdown. In addition, the system serves to remove 
heat under emergency conditions. A flow diagram of the 
system is illustrated in Fig. 9. é 

Coolant is circulated through the decay heat system by 
the pressurizing pumps. Heat removed by the decay heat 
system is dissipated in a heat exchanger by evaporating 
water. Operation of the system is by thermo-siphon action 
and is fully automatic and continuous when heat is being 
transferred into it from the decay heat exchanger. 

During normal operation of the reactor, the coolant 
stream returning to the core tank from the degasifier system 
is by-passed around the heat exchanger of the decay heat 
system. Upon shutdown of the reactor by a scram signal, 
coolant flow from the degasifier is automatically diverted 
by air-operated valves into the decay heat exchanger. The 
flow of hot coolant to the decay heat exchanger, which 
may be initially as high as 575°F, is limited to a fraction 
of the discharge from the pressurizing pumps to avoid 
exceeding the capacity of the feedwater condenser in the 
decay heat removal system. This is done by permitting 
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Fig. 8.—Steady state control programmes. 
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partial opening of the inlet valve, using a preset stop on 
the valve, and by routeing the balance of the flow around 
the air exchanger through a secondary by-pass line contain- 
ing a flow restriction orifice. 

After the temperature of the coolant in the plant is 
lowered to about 400°F by circulation through the main 
loops to the steam generators, the flow through the decay 
heat exchanger is increased by opening the inlet valve to 
the full-open position. The coolant temperature may then 
be reduced to 350°F or lower. 

The radiolytic decomposition of the coolant produces 
high-molecular weight compounds (i.e., high boilers) which 
must be removed from the coolant. The coolant purifica- 
tion system continuously removes these compounds, thus 
maintaining the desired high-boiler content in the coolant 
in the main heat transfer system. The purification system 
also decontaminates the coolant, since most of the radio- 
activity in the coolant remains with the residue. In 
addition, new coolant make-up is processed through the 
purification system before being added to the coolant 
system ensure that 
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residue is transferred to the waste disposal system, con- 
sisting of storage tanks, a hydrocarbon burning facility, 
and a gas filtering system. The storage tanks are sized to 
hold approximately six months’ accumulation of residue. 
(The average formation rate for residue in the Piqua 
OMR is estimated to be 50 lb/h.) The hydrocarbon burner 
consists of a furnace wherein the residue is burned with no 
formation of clinker ash or other solid material. Experi- 
ments have demonstrated that complete burning can be 
achieved with proper preheating and mixing of the air. 

The preliminary design (Title I) was completed on 
March 31, 1959, and final design (Title II) begun on April 1. 
Construction commenced at the site on July 6, 1959. The 
final design is now almost complete. The construction 
should be completed by March, 1961, with criticality being 
scheduled for May, 1961. 

The funding for this project has been handled in three 
phases: $3,500,000 for research and development, $1,600,000 
for final design and initial operation, and $6,400,000 for 
construction. The capital charges for the second or sub- 
sequent complete 11.4 net electrical MW OMR plants are 
estimated to be approximately $585 per net installed kW 
or $6,700,000 total. Treating the capital investment as an 
annual charge of 15% of the total, and assuming an 80% 
load factor, the capital investment contributes 11 mill/kWh 
to the total power cost. 

Annual fuel costs depend to some extent on the fuel 
exposure time and on the load factor. In this reactor 
the average exposure time is guaranteed to reach 
3,000 MWd/ton, but higher burn-ups are anticipated, 
perhaps as high as 6,000 to 8,000 MWd/ton. The load 
factor is estimated at from 60-80%, depending upon the 
application. Within these ranges the fuel cost will be 
between 5.4 and 6.3 mill/kWh. 

At this stage of development the exact cost for plant 
maintenance is difficult to predict. Based upon information 
available it is estimated that the costs for operation, main- 
tenance and organic make-up will total two to three 
mill/k Wh. 

The total cost of power from this plant is therefore in 
the region of 19 mill/kWh. Reductions in this figure are 
expected as further advances are made in the technology 
of organic moderated reactor plants. 
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Economics of Large 
Organie Reactors 


By R. BERMAN 
(Research Engineer, Atomics International) 


An outline of the factors influencing the economics of large organic moderated and 
cooled reactors (75 to 300 MWe) followed by an economic analysis of a 300 MWe organic 
nuclear plant, including a comparison with a conventional coal-fired station. 


 baprgpeeractele characteristics of the OMR system that tend 
to reduce overall cost are: 


LOW CAPITAL COST 


1. Standard construction materials and components. 
The negligible corrosion rates with the relatively inert 
hydrocarbon coolant allow the use of aluminium for 
fuel cladding, low carbon steel for the primary system, 
and conventional “hot oil” pumps and valves. Much 
of this conventional equipment can be manufactured 
at industrial facilities near the reactor site, permitting 
local economies in certain parts of the world. 

2. Standard weight piping and thin walled vessels are 
suitable because of the low primary system pressure for 
temperature in the 600 to 800°F range. 

3. Minimum shielding requirements result as_ the 
hydrocarbon coolant does not become significantly 
radioactive. 

4. Conventional buildings and methods of construction 
are suitable; the low pressure and radioactivity levels 
eliminate the need of expensive containment structures. 

5. Good plant efficiency is obtainable because super- 
heated steam is produced, resulting in greater net output 
per unit capital investment. 


LOW FUEL COSTS 


1. Good neutron economy is achieved through the 
use of low neutron absorbing materials. Moderating 
characteristics of the hydrocarbon permit compact low 
enrichment cores with high conversion ratios for 
maximum plutonium credit. 

2. Lower fuel fabrication costs result from the use of 
aluminium cladding. 


LOW OPERATION AND MAINTENANCE COSTS 


1. The organic coolant system is essentially corrosion- 
free. 
2. Ease of maintenance is facilitated by the low coolant 
radioactivity which permits personnel access to steam 
turbine and coolant system during full power operation. 
No power generation device is without its limitations, 
and the organic cooled reactor is no exception. The slow 
decomposition of the organic coolant under irradiation 
at temperature requires a purification and make-up system. 
The heat transfer characteristics of the organic dictates 
high surface-to-volume design. The proven simplicity and 
low cost of coolant purification and make-up as 
demonstrated by the Organic Moderated Reactor 
Experiment and the design, development, and testing of 
high surface-to-volume fuel eiements have overcome these 
drawbacks. The net result is an organic reactor system 
that can produce reliable, low cost nuclear power. 

The reactor design used as a basis for the analysis 


presented in this paper was recently developed by Atomics 
International and the Bechtel Corporation under 
sponsorship of the United States Atomic Energy 
Commission. A 300 MWe plant was selected because of 
the cost benefits realized from the utilization of large size 
plant components and the fact that the costs for design, 
construction and operation can be distributed over a large 
output to reduce the unit burden. A survey of the turbine 
industry indicated that a 300 electrical megawatt turbine 
would be the maximum size single machine likely to be 
available for the exhaust end moisture resulting from the 
steam conditions at the throttle, based on present or 
near-future technology. 

A survey of the power industry shows that units of 
300 MWe rating are expected to constitute a significant 
fraction of new power capacity to be constructed in the 
near future. The reactor, however, does not have any 
foreseeable engineering limitations and could be designed 
to support a larger electrical output. 
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Fig. 1.—Sectional view of proposed 300 MWe OMCR. 
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Fig. 2.—Shortened fuel element model. 


Plant Description 


Fig. 1 is a cutaway view of the reactor. The reactor 
vessel is fabricated of low alloy steel (as is the rest of the 
primary system) and is not clad. It is a cylindrical vessel 
with a welded dished head at the bottom and a removable 
dished head at the top, designed for 100 p.s.i.g. at 750°F. 
For a 300 MWe plant, the vessel would be 61 ft high, 
13 ft 8 in. in diameter with a wall thickness of 1-14 in. 
The reactor vessel is located within a cavity formed by the 
concrete walls of the biological shield. 

The core for the 300 MW design consists of 310 fuel 
elements on a square lattice. The core is surrounded by 
a steel inner thermal shield, a core supporting structure, 
and an outer thermal shield. Steel grid plates above and 
below the core contain the necessary provisions for 
routeing in-core instrumentation lines. 

Fifty-seven cruciform shaped control elements regulate 
power, assist in adjusting the radial and axial core power 
distribution, and serve as safety rods for emergency 
shutdown. The control rod pattern provides one rod for 
every four fuel elements in the control region of the core. 
Stainless steel clad Eu.O, is used as the neutron absorbing 
material in some of the control elements and boron steel 
in others. These control elements are actuated from the 
sub-pile room below the reactor vessel and are removed 
or replaced from above the core. 

The fuel material is UO, enriched to 2.1% U?35 and is 
clad with finned Aluminium Powder Metal (APM) tubing 


which consists of 6-8% Al,O, and*aluminium. A fuel. 


element consists of 100 vertical fuel rods. These rods 
are assembled in a “ spacemetal ”* box 5} in. square. The 
overall length of a fuel element assembly is approximately 
15 ft. The fuel element is illustrated in Fig. 2. 

Subcooled nucleate boiling is the principal heat transfer 
mechanism in the hot channels and is accomplished by 
setting the primary system operating pressure so that the 


® — steel honeycomb sandwich material, equivalent to a solid 0.013 in. 
sheet. 


500 


CAPITAL COST ($/k We (NET)) 


8 


OPTIMIZED 
©= OPTIMIZED 300 MWe DESIGN | saad 


8 


60 80 100 120 140 160 180 200 220 240 260 280 300 
PLANT CAPACITY (MWe) 
Fig. 3.—Relationship of capital investment to unit size. 


NUCLEAR ENGINEERING 73 


saturation temperature at this pressure is below the fuel 
element surface temperature but above the coolant bulk 
temperature. Nucleation will occur on the fuel element 
surface, but the bubbles collapse as they are swept into 
the main body of the coolant. 


Cost Analysis 

The total capital investment required in dollars per net 
electrical kilowatt is plotted as a function of unit size in 
Fig. 3. The curve represents the costs developed by the 
AEC design study. A supplementary study conducted for 
the AEC to optimize the plant resulted in a reduction of 
the required capital investment and is indicated by the 
lower point on the figure. Total capital investment required 
for this optimized 300 MWe plant is estimated at 
$62,420,000 or $207 per net electrical kilowatt, including 
contingency, escalation, and interest on construction based 
on a project schedule leading to plant operation in 
December, 1963. For purposes of comparison, present 
day cost, which does not include escalation or interest on 
construction, amounts to $164 per net electrical kilowatt. 

It would be expected that if each unit size were optimized 
for factors such as coolant temperature, steam conditions 
and plant layout, the resulting curve of capital investment 
vs. unit size would exhibit considerably less sensitivity 
in the lower unit size range. Major items of capital invest- 
ment for the optimized 300 MWe plant are listed in 
Table I. 


TABLE | 
Cost Breakdown for 300 MWe OMCR 
$ 

1. Land and land rights .. 360,000 
2. Structures and improvements 5,959,000 
3. Reactor plant equipment 6,706,000 
4. Heat transfer system. . 7,269,000 
5. Turbo generator system... ne di 12,657,000 
6. Accessory electrical equipment 2,741,000 
7. Miscellaneous power plant equipment ae “a 414,000 
TOTAL DIRECT CONSTRUCTION COST .. ae aa $36,106,000 
8. Indirect construction costs .. oa ee re a he 10,414,000 

TOTAL DIRECT AND INDIRECT COSTS (without con- 
tingency, escalation, and interest during construction) $46,520,000 
Interest during construction .. 7,300,000 
TOTAL CAPITAL COST wa $62,420,000 


Included in Item 2 of Table I is the cost of containment. 
Complete containment can be provided around the organic 
reactor complex, at significantly lower cost than has been 
experienced to date on similar nuclear plants as a result 
of the low vapour pressure of the primary coolant system. 
Consequently, complete containment contributes a relatively 
small increment to total power costs. 

Fig. 4 illustrates power generation costs in mill/kWh 
as a function of unit size. The lower values at 300 MWe 
represent the cost for the optimized piant. A capital 
charge rate of 14% is used and is assumed to include cost 
of money at 6%, depreciation at 1.3%, income tax at 
4.6%, and local tax and insurance at 2.1% excluding third 
party liability insurance. 

Fuel cycle costs are based on steady state operation and 
an 80% plant capacity factor. An average fuel exposure 
of 15,000 MWd/t of uranium is obtained by fuel pro- 
gramming. Radial region reloading is employed; new fuel 
is loaded on the periphery of the core. Unit charges 
assumed for the fuel cycle are either estimated, based on 
experience, or are values published by the U.S. AEC. The 
estimates for operation and maintenance costs include 
the cost of coolant make-up at the current market price 
of $0.17 per pound. Table II is a tabulation of the 
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— cost. 
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al ture, 305 net electrical MW coal burning plant built on 
si Fg = —s the same site in the U.S., including site development costs, 
2+— t t with the same construction and provision for weather 
conditions, would be about $140 per net electrical kilowatt. 
Interest on construction and escalation, assuming a com- 
SOO pletion date of December, 1963, would increase the plant 
UNIT SIZE (MWe) investment to about $165 per net electrical kilowatt. Table 


estimated power generation costs for the optimized 
300 MWe design. 


Coal-fired/Nuclear Comparison 

It is significant to note that the estimated power costs 
for the OMCR are the total power costs as seen by a 
utility when all costs are included for a single new unit 
on a new and undeveloped site. Many of the bases used 
for the evaluation of nuclear plants have been incomplete 
relative to this comparison. 

The present day costs for a high pressure and tempera- 


TABLE Il 
Estimated Electric Generator Costs 


Capital $/Year Mill/kWh 
Plant cost, $ million .. 62.42 
Net output, MWe 301.3 
Unit cost, $/kWe ae ee 207 
Capital cost at 14%. 8,739,000 414 
Fuel $/kgU 
Fuel preparation ee fabrication 
UFs to UO: pellets .. ’ 41.0 750,000 
Fabrication and 46.0 840,000 
Material losses 3.0 60,000 
Sub-total .. = <> 90.0 1,650,000 0.78 
Fuel Burn-up: 
Value of fuel charges. . ¥e 235.40 4,310,000 
Value of spent fuel .. ne 69.13 1,268,000 
Burn-up cost .. 3,042,000 
Pu Credit* 1,393,000 


Net burn-up cost 1,649,000 0.78 


Spent fuel processing: 


Transportation of fuel 7.20 131,700 
Processing to nitrate. as 22.00 ,000 
Conversion of UNH to ee ; 5.60 102,500 
Material losses alk 2.42 44,200 
Sub-total 37.22 680,400 0.32 
Fuel use charge: Days kgU 
Fabrication .. 274 18,300 129,000 
Spares .. 365 5,700 3,000 
Reactor 46,500 437,000 
Cooling 183 18,300 86,000 
Reprocessing .. 18,300 43,000 
Sub-total .. 1278 107,100 748,000 0.35 
4,727,000 2.23 
No. of 
Operation and maintenance: employees 
Supervision and engineering .. 13 133,000 
Station labour . - ee 69 458,000 
Materials and supplies 1,398,000 
Total 1,989,000 0.94 


15,455,000 7.31 


* Based on $12/g Pu'as metal; $1:50/g Pu for processing Pu nitrate to metal. 


III shows a comparison of the 300 MW OMCR and the 
305 MW coal fired plant. The plant capacity factor and 
capital charge rate are the same for both plants; 80% 
and 14% respectively. 


TABLE Ill 
Comparison of Coal Fired Plant and OMCR, Mill/kWh 


305 MWe Coal Fired {300 MWe OMCR 


Fixed charges as ns as 3.30 4.14 
Fuel cost 3.25* 2.23 
Operation and maintenance oe 0.22 0.34 
6.77 7.31 


* Coal at 35c¢ per million B.t.u. 


It is especially important to note that the detailed com- 
parison indicates that the direct construction costs of the 
300 MWe OMCR are essentially equal to those estimated 
for the 305 MWe coal fired plant. The entire difference 
in capital investment can be attributed to the contingencies, 
increased start-up costs, and increased escalation and 
interest on construction associated with the first OMCR 
plant. 

There is strong reason to beiieve that operating 
experience will result in a 40% reduction of fuel fabrica- 
tion costs which would reduce power costs by 0.31 mill. 
Other areas of potential improvement in the OMCR power 
cost are a reduction of 0.18 mill/kWh resulting from a 
reduction of coolant cost from 17 to 12 cent/lb, a 
reduction of 0.20 mill/kWh by extension of fuel life to 
20,000 MWd/tonne, and a saving of 0.14 mill/kWh by 
realization of the built-in design margin. Fig. 5 plots the 
generating cost of the conventional plant against its fuel 
cost. Superimposed are the predicted costs for the OMCR 
plant. The nuclear plant is seen to be initially competitive 
with the conventional plant burning fuel valued at 40.7 
cent per million B.t.u. The other potential cost reduc- 
tions and’'their effect are also shown. 

From ‘the data presented here, it can be concluded that 
the Organic Moderated Reactor has the potential of pro- 
ducing truly competitive nuclear power in less than a 
decade. 
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Dounreay ‘* Hot” 


Laboratory 


By D. W. COLLINS and J. W. WOODS, 


A* important facility associated with 
the fast breeder reactor at Dounreay 
has been provided to enable on-the-spot 
metallurgical tests to be carried out on 
active elements from the reactor. The 
difficulty of handling highly radioactive 
specimens in safety and the standard of 
reliability required of the equipment, as 
well as the necessity for providing for 
servicing in situ, presented challenging 
problems. The final design of the Irradi- 
ated Fuel Element Laboratory was 
evolved by the U.K. AEA in collabora- 
tion with the Pye Group, of Cambridge, 
who were also responsible for the design 
and supply of equipment. 

Because of the high radiation level, it 
is necessary to operate all equipment 
from behind 4 ft 6 in. of reinforced con- 
crete. The normal viewing, through zinc 
bromide windows, is supplemented by the 
fairly extensive use of closed-circuit tele- 
vision cameras. These cameras, like all 
the other laboratory equipment, must be 
capable of being serviced remotely by the 
Pye master slave manipulators, which 
perform the function of the operator's 
“hands ” inside the laboratory. 

An overall picture of the laboratory 
shows it in the form of a concrete cave, 
housed in a conventional steel-framed, 
asbestos-sheeted building. The cave is in 
the shape of a letter “ U.” with the two 
main lees 68 ft long. 7 ft 6 in. wide and 
13 ft high. The joining section at the 
base of the “‘U” consists of a decontami- 
nation area through which apparatus 
from the laboratories can be passed for 
such maior servicing as cannot be carried 
out remotely at the bench. 

A bench-hieh slat band conveyor runs 
along the inside wall in each long “ leg” 
of the U-shaned cave. for the transport 
of fuel elements. specimens or any light 
machinery. In the section through which 
complete fuel elements mav be trans- 
ported, the convevor runs in water for 
cooling. At the joining part of the “ U.” 
the conveyor is in the form of a small 
trolley running on a steel frame at bench 
height, motivated by a chain mechanism 
which is operated by a handwheel at the 
operating face. This trolley passes through 
heavy steel-shuttered openings. 

Additional means of transport are pro- 
vided by ‘gantry cranes of half-ton capa- 
city, operating in all three sections of the 


(Pye, Ltd., Cambridge) 


cave. Those used along the two long legs 
are both fitted with closed-circuit tele- 
vision cameras, equipped with remotely 
controlled pan and tilt facilities. Limit 
switches and. interlocks on the cranes 
guard against any damage to equipment 
in the cave. 

Along the operating faces are 19 zinc 
bromide windows, each in the form of a 
steel tank 3 ft 6 in. by 2 ft 6 in. by 4 ft 
6 in, front-to-back measurement, set into 
the concrete shielding wall. On the 
“hot” side of the windows, there are two 
sheets of ceria glass, forming a sandwich 
with non-refractive oil. At the operating 
side of the window is a similar oil-filled 
sheet, but of ordinary plate glass. The 
whole tank is filled with a zinc bromide 
solution, giving radiation protection equal 
to a similar thickness of concrete. A 
movable emergency shield can be brought 
up to the window in the event of acci- 
dental damage or loss of zinc bromide 
through leakage. 

At each window there are = Pye 
master slave manipulators, providing the 
facility of carrying out any movements 
inside the cave that would normally be 
done by hand. Less complicated manipu- 
lations are done by handwheels, and 
operating shaft liners are fitted as an 
integral part of the window frames. Three 
300-W lamps are fitted above each 
window, attached toa 4 ft 6 in. shielding 
plug which can be withdrawn so that the 
lamps can be replaced without it being 
necessary to enter the cave. 


X-raying Fuel Element 

The fuel element, composed of 
enriched and natural uranium slugs 
separated by molybdenum washers, is 
moved from the reactor in a stainless 
steel can in which it has been embedded 
in molten lead. The can has been finally 
sealed by welding on a can. It arrives at 
the loading bay of the laboratory in a 
transit flask which is lifted by the 12-ton 
crane to a trolley which snans the labora- 
tory roof. The trolley is accurately posi- 
tioned and a winch lifts out a shielding 
plug from the roof; the transit flask is 
placed directly over the opening and the 
element is then lowered into the cave. 

The first operation is to take the 
element from its stainless steel can and 
its bed of lead. The whole can is lowered 


into a lead-melting furnace and is 


rotated against cutting wheels which 


Pye closed-circuit TV equipment aids 
remote handling at Dounreay. 


sever the top cap, exposing the top of the 
element itself. A grab mechanism is 
applied by the master slave manipulator 
to the element, which is then withdrawn 
by the gantry crane from the melted lead. 
A flow of inert gas cools the element 
during the withdrawal process. 

An X-ray examination of the element, 
to detect bow or distortion, is made by 
apparatus that is capable of looking at 
sections along the total length of the 
specimen, the element being rotated as 
necessary. There are two carriages on 
the X-ray equipment, one supporting the 
X-ray head, which is capable of a 3-ft 
vertical movement and the other, 
approximately 4 ft long, carrying the 
element and the shutter mechanism. One 
shutter, fixed, is of 3-in. steel, while two 
outer shutters, of 3-in. lead, are capable 
of sideways movement. The two 
carriages, one supporting the X-ray head, 
the other the specimen and the shutters, 
are capable of independent movement in 
distance from the X-ray film and these 
distances are shown on a large scale 
behind the machine, which can be seen 
through the zinc bromide window, 
allowing easy focusing of the tube. In 
the interests of reliability and simplicity, 
all movements are made by chain drives 
or splined shafts and controlled by 
handwheels at the operating face. 

An image intensifier is mounted on a 
column on the viewing side of the X-ray 
film and is coupled to the X-ray head in 
such a way that image intensifier and 
X-ray head move up and down in 
unison. 

The image intensifier is viewed by a 
periscope which moves vertically in a slot 
in the wall. A vision-splitter is mounted 
at the eye-piece, enabling a cine camera 
to be used to make a permanent record. 
Alternatively, the periscope can be with- 
drawn and replaced by a Pye closed- 
circuit television camera. 


Mechanical and Metallurgical Tests 

A physical examination of the element 
entails among other things detailed 
internal and external measurement. The 
inspection apparatus consists of a rotat- 
able turret from which devices for 
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making internal examination are sus- 
pended. Beneath the turret is the element 
which is raised upwards so that a probe 
first passes through the bore to ensure 
that it is free from obstruction. The 
turret is turned and the operation is 
repeated, first with a measuring probe 
and then by an Introscope_ which 
examines the internal surface of the 
bore, employing a television camera to 
transmit the image to a monitor at the 
operating face. 

When it comes to dismantling the 
element for metallurgical examination, 
there is a danger of fire and for this 
reason all the active work is carried out 
under water. A machine is used for 
removing the end of the fuel can, stripping 
off the element casing and then separat- 
ing the uranium sections before shearing 
off the molybdenum rings. The apparatus 
is mounted on a bedplate suspended over 
a tank of water by four hydraulic jacks. 
All the setting up work is done in this 
position but before any of the cutting 
and stripping operations can be per- 
formed, the whole bedplate is lowered 
into the water tank. Interlocks obviate 
any danger of the cutting operation 
starting before the element is submerged. 
Diamond wheels are used to cut off the 
ends of the can, and by pushing the can 
through rotary cutters, the fuel rod is 
exposed. The natural and _ enriched 
slugs are separated with hydraulically 
operated jaws and, finally, the molyb- 
denum spacing washers are located, by 
means of a search coil, and sheared off. 

general-purpose cutting machine 


NUCLEAR ENGINEERING 


enables specimens of any length up to 
4 ft to be cut up their full length or into 
small sections. 

Of particular interest is a remotely 
controlled lathe. Basically it is of con- 


ventional design suitable for facing, 
boring and turning. It is driven by a 
variable-speed d.c. motor which is 


mounted above the headstock for easy 
removal. All the operating controls are 
transferred through the wall of the cave. 
The purpose of the lathe is to produce 
specimens for tensile, hardness and 
impact tests and for metallurgical exami- 
nation. 

The apparatus used for hardness 
testing employs a standard Firth Brown 
Hardometer as a basic machine, but all 
the controls are modified for remote 
operation. The diamond impression is 
viewed by a television camera “ looking ” 
through a microscope. 

The Charpy impact tester is again a 
conventional instrument, but modifica- 
tions allow the hammer-operating gear 
and the needle reset to be controlled at 
the face of the cave, The impact 
hammer is lifted by the gantry crane and, 
as in the operation of the Hardometer, 
the remainder of the control is effected 
by a master slave manipulator. 

A 5-ton Amsler was selected for tensile 
testing. It was modified for remotely 
controlled operation so that the lower 
crosshead can be raised or lowered. 

Density measurements are taken by a 
precision balance (again master-slave 
operated) which weighs the specimen in 
air and in water. 
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There is complete equipment for pre- 
paring specimens for micro-examination. 
These specimens are in the form of 
longitudinal sections of tube or rod, three 
inches long by one inch outside diameter, 
which are secured in special jigs using 
cold-setting resin. The mechanical 
polisher comprises three rotating turn- 
tables submerged in water, spaced radially 
round a central column carrying an arm 
on which is mounted a contra-rotating 
eccentric spindle to revolve the specimen 
in each turntable in turn. The turntables 
carry laps of varying abrasive degree to 
attain a suitable finish for subsequent 
electro-polishing. The laps, which are 
mounted on thin plastic sheets, are 
replaced by the master slave 
manipulators. 

Special equipment was developed for 
measuring the resistivity of uranium. 
Basically it uses a Kelvin double bridge 
driven by low frequency a.c. to eliminate 
electro-thermal errors. Specimens can be 
cooled during measurement. 


It is obviously of great importance that 
all waste radioactive material should be 
removed from the laboratory. The larger 
pieces are crushed before being canned 
and passed to another building for re- 
processing. Large portions of swarf 
from the lathe are collected in small per- 
forated containers and taken to the 
canning machine while small particles and 
sludge are collected in micro-filters which 
are put into waste transport cans and 
withdrawn through the roof into special 
transport flasks in which they are taken 
to the disposal area. 
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Technical Papers and Publications 


U.S. Power Reactor Economic Studies 


In 1958 the A.E.C. (Division of Reactor 
Development) initiated four studies on large 
power reactors. The literature is voluminous, 
and it is only possible here to give a brief 
outline of its availability and content. The 
following main reports have been issued by 
the A.E.C. Office of Technical Services. 


TID-8500 covers a boiling-water reactor 
study by Ebasco Services, Inc., and 
General Electric Co. 


TID-8501 refers to two designs of organic 
cooled reactors (300 and 75 MW) by the 
Bechtel Corporation and Atomics 
International. 


TID-8502 is an advanced design of 
pressurized water reactor by Stone and 
Webster Engineering Corporation § and 
Combustion Engineering Inc. 


TID-8503 is a heavy water reactor by 
Sargent and Lundy and Nuclear Develop- 
ment Corporation of America. 


TID-8504, by the A.E.C. itself, is a 
summary and evaluation report of the four 
projects. 


The project is further digested and com- 
mented upon in the September, 1959, issue 
of Power Reactor Technology, a quarterly 
technical progress review prepared by the 
General Nuclear Engineering Corporation, 
for the A.E.C. 


Basis of Studies 


Basic conditions specified that all studies 
should represent reactors on which construc- 
tion could be started in July, 1960, any 
research and development work required to 
be consistent with this date; operation of 
the scheme being visualized by 1963. The 
imaginary site would be 1,200 acres, in a 
relatively thinly populated area, located on 
a navigable river, supplying cooling water at 
an average temperature 40°-75° F, and be 
35 miles from a city of 250,000 inhabitants. 
Operating on base load, with a load factor 
of 80%, the plant would have an economic 
life of 30 years. 

While all the studies were specified to 
consider the most economical size of reactor 
(consistent with the date for commencing 
construction) an additional requirement was 
laid down for the heavy water study. This 
was to operate on natural uranium; it might 
be optimized for enriched U if desired, 
provided that operation on natural U was 
still possible. 


Cost Comparisons 

Even with standard conditions laid down 
for site and method of costing, the difficulty 
of comparing four different studies can well 
be imagined. Figures given in Table 1 are 
not the “ straight’? figures as quoted by 
the various organizations, but have been 
adjusted by the A.E.C. evaluation group to 


Table 1. Comparative Costs of Four Reactor Schemes 


BWR OMCR PWR HWR 
Adjusted capital costs ($ x 10°) .. 82,580 70,441 60,747 72,935 
Net electrical 306 300 236 221 
Cost per kW 270 237 257 321 
Running Costs (mill/k Wh) 
Fixed charges (14% at 80% snr) fa 5.4 47 51 7.9* 
Fuel cycle costs .. 2.8-3.3 2.5-3.0 2.7-3.1 2.0-3.0f 
Operation and maintenance 0.5 0.5 0.5 0.7 
Make-up os — 0.6 — 0.2 
Total power cost .. 8.7-9.2 8.3-8.8 8.3-8.7 10.8-11.8 
Additional costs if estimated R&D charges were 

written off on first plant 0.2 0.6 0.7 14 


* Fixed charges for the HWR include 1.5 mill/kWh for heavy water inventory (12.5% per year). 
t Fuel costs 4 _ HWR are based on burn-up of 7500-5000 MW4d/t. All others are based on burn-up of 


13,000-10,000 M 


be as nearly as possible comparable. This 
has, in certain cases, even involved adjust- 
ment to the same time schedule (42 months) 
as well as taking into account differences in 
the various methods of costing and methods 
of plant comparisons. Even then, some of 
the figures would be hard to substantiate. 
The economics of the heavy-water reactor, 
for example, are extremely sensitive to 
coolant losses; for a 200 MW plant a loss 
of 17 gal/day represents an additional 


1 mill/kWh, and no experience is available 
of the losses likely to be encountered. 

Based upon the A.E.C.’s adjusted figures, 
it would appear that the heavy-water reactor 
is not attractive and that there is not a great 
deal of difference between the other three. 
It is also pretty obvious that none are able 
to compete seriously with conventional 
plants in the U.S., comparable designs 
operating at 6.9-7.4 mill/kWh with fuel 
costs at 35c/million B.t.u. 


The American Society of Mechanical Engineers 


Design Study of a 300-MW Organic Cooled 
Reactor. By R. Balent (Atomics Inter- 
national), G. H. Bosworth (Bechtel 
Corporation) and J. Plawchan (Bechtel 
Corporation). Paper 59 A-178, given at 
the Atlantic City meeting, November 29- 
December 4, 1959, 

At first sight, this reactor would appear 
to be the 300-MW organic reactor covered 
by the study TID-8501 to which reference 
has already been made under the heading 
“U.S. Power Reactor Studies.” Further 


examination, however, shows a number of 
differences, the major one being the use of 
three coolant loops instead of four. 

In view of the amount which has been 
published on the prototype organic reactor 
OMRE (Nuclear Engineering Dec. 1957 and 
this issue) it is unnecessary to review general 
principles of organic reactors and the main 
design parameters are given in the accom- 
panying table. The most important features 
of the design, however, are the use of 
nucleate boiling as a principal means of 


Table 2. Main Design Features of 300 MW Organic Moderated Reactor 


Thermal output 934 MW 
Net electrical output . 300 MW 
Steam flow... 3,356,000 Ib/h 
Steam conditions 600 p.s.i., 650°F 
Active core dia. ea 10.33 fc 
Fuel element spaces .. 332 
Active elements Ae 310 
Enrichment 2.1% 
Diameter of fuel pellets 0.3 in 
Cladding SAP tube helically finned 
Active ‘of fuel 

rod 12 fe 


Number of rods per 

element 
Overall size of element 
Conversion ratio 
Burn-up 15,000 MWd(t)/te 
Control rods .. oa 57 
Neutron absorber in 

rods .. as ..  Eu2Os and boron steel 
Coolant composition 

(during operation): 


Dipheny! .. 
Terpheny! isomers 70%. 


100 
54 in. sq x15 ft long 
0.69 


Coolant composition—cont. 


High boilers 8 30% 
(make-up): 
Dipheny! .. 
Orthoterpheny! . 7-14% 
Metaterpheny!l .. 47-62% 
Paraterphenyl .. 17-409 
High boilers ae <1% 
Coolant temp. inlet .. 550°F 
outlet 675°F 
Coolant pressure 52 p.s.i.a. 
Coolant flow .. - 50,500,000 Ib/h 
Max. temp. centre of 
fuel .. 4000°F 
Max. temp. cladding 
ce 4a 850°F 
Max. heat flux . . 133,300 B.t.u./ft?, h 
Coolant pumps oa 3 x 38,000 gal/min 
Reactor vessel . . ae Low-alloy steel 
Inside dia... va 13 ft 8in 
Thickness .. 1} in. 
Height 61 fc 
Design pressure .. 100 p.s.i. 
Diameter of reactor 
building ma oa 164 ft 
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heat transfer in the hot channels and the 
cladding of the fuel elements. 


(On left) Fuel rod. 


(Below) Complete fuel 
element for proposed 
300MW organic 
moderated reactor. 
(Taken from A.E.C. 
report TID-8501.) 


ACTUATOR GUIDE—| 
LOCKING-LUG 
ACTUATOR ELEMENT 
LOCKING-LUG 


Nucleate boiling or, more properly, sub- 
cooled nucleate boiling, occurs when the 
operating pressure is such that the satura- 
tion temperature is below the temperature 
of the fuel element surface, but above that 
of the bulk of the coolant, so that boiling 
occurs on the fuel element surface, but 
the bubbles collapse as they are swept into 
the main body of the coolant. The heat 
flux is thus independent of coolant velocity. 
It is, in fact, approximately proportional to 
the cube of the difference between fuel- 
surface and coolant-saturation temperatures. 
The result is that the core can operate at 
heat fluxes comparable with forced-cooling, 
but with reduced coolant velocity, thus 
permitting a large temperature rise across 
the core (125° F) with a total flow of about 
half that for a close-packed core with forced 
cooling; pumping power is low and the 
operating pressure only 52 p.s.i.a. 

Cladding for the fuel elements is of 
ma‘erial variously known as APM 
(Aluminium Powder Metal) and SAP 
(Sintered Aluminium Powder), a commerc’al 
product conta‘ning 6-8% A1,O, which, after 
sintering, can be successfully fabricated, has 
excellent heat transfer properties and 
irvadiation stability superior to stainless 
steel. (Note. From estimates made by the 
A.E.C. it appears that the nucleate boiling 
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and SAP cladding are believed to allow an 
output of more than twice that possible 
without their use.) 

Each fuel element consists of a ‘“* space- 
metal” (stainless steel honeycomb sand- 
wich material equivaient to 0.013 in. solid 
sheet) box 5} in. square and about 15 ft 
long, containing 100 fuel rods on 0,493-in. 
centres. Each fuel rod consists of UO, 
pellets 0.3-in. diameter, enclosed in a finned 
tube of SAP, the fins having a slight helical 
pitch to prevent meshing and ensure proper 
spacing. Each rod is in two parts 7 ft 


Research 


AERE-M412. The radiation and thermal 
stability of some _ potential 
moderator coolants. Part Il]. Thermal 
stability of para-terphenyl and 
Santowax-R. By R. W. Wilkinson and 
T. H. Bates. (H.M.S.O. 4s.) 


The first two parts of this report are not 
yet generally available; the work was, how- 
ever, summarized in the Geneva paper by 
W. B. Burns, et al., A/Conf/15/P/51 “* Effects 
of fast electrons and fast neutrons in poly- 
phenyl at high temperatures.” This, the 
third part, covers thermal stability only. 
The Santowax-R was composed of 1% 
biphenyl, 10% o-terphenyl, 53% m-terphenyl, 
36% p-terphenyl. 

It was concluded that both materials were 
resistant to thermal degradation at tempera- 
tures up to 400°C (752°F) and that thermal 
damage to a moderator would be negligible 
compared with radiation damage. Above 
this temperature both produced polymer 
and gas (mainly hydrogen), the polymer 
being similar to radiolytic polymer. Although 
the materials darkened considerably at 
466°C (871°F), no carbon formation was 
observed. An interesting feature (noted in 
an appendix) was that observed during 
pyrolysis experiments with different metals. 
The presence of uranium reduced the 
amount of hydrogen evolved. 


AERE HP/R 2744. Fast neutron d 
using nuclear emulsions. By J. E. Cook. 
Discusses the method of recording fast 
neutrons by proton recoils from hydrogen 
(in the emulsion itself or in material sur- 
rounding it) as tracks in the developed 
emulsion, which can be examined micro- 
scopically, and the dose estimated. The 


February, 1960 


long, sealed by SAP plugs, the active length 
be.ng about 6 ft. 

Although the relatively high coolant 
temperature would enable steam to be 
generated at 1,250 p.s.i., 660° F, at the 
turbine throttle, an optimization study 
showed that no economic advantages accrued 
above 600 p.s.i., mainly due to the increased 
heating surface required by the steam 
generators for higher pressures. It would 
also be necessary to provide some form of 
steam drying—such as inter-stage reheat— 
to limit moisture content at the exhaust end. 


Reports 


monitoring system in use at Harwell, where 
the “‘ badge ” pack contains two Ilford C2 
glass plates sandwiched around a polythene 
radiator, and the methods of processing and 
examination for dose estimation. 


AERE R/R 2782. The effect of hydrogen 
content on neutron dose attenuation in 
Portland concrete. By A. F. Avery 
and J. H. W. Simmons. 

A theoretical study of the build-up of 
thermal and intermediate energy neutrons in 
equilibrium with the high-energy neutron 
flux, for concrete with varying hydrogen 
content (0.1%-1.0%). It is concluded that 
a typical concrete with a hydrogen content 
of 0.63% should possess satisfactory slowing- 
down properties. The dose contributions are 
found to increase significantly below 0.5%, 
and 0.3% hydrogen, for thermal and inter- 
mediate neutrons, respectively. 


1.G. Report 140 (RD/CA). Braz‘ng Graph'te 
to Nilo-K Tubes. By B. Stapleton 
(R. and D. Capenhurst.) (H.M.S.O. 
2s. 6d.) 

To provide leak-tight joints between 
graphite samples and metal carrier tubes for 
permeability tests at temperatures up to 
900°C, a method of brazing has been 
developed which is a variation of that due 
to F. Wade of Harwell. Induction heating, 
at 950°C is carried out in vacuo, the brazing 
wire used being a copper-silver eutectic with 
a 12% core of titanium. It was found that 
the most successful joints were made when 
Ag aa was machined to fit into the 
tube. 

‘Three industrial grades of graphite, EY9; 
impregnated EY9; reactor grade A, were 


possible errors of the system are examined. tried; all were successfully brazed to 
An appendix gives details of the personnel Nilo-K. 
MEETINGS 


january 26.—The Institution of Engineers and 
Suipbeliaers in Scotland (39 Elmbank Crescent, 
Giasgow. C.2, 630 p.m.), ‘*Some Aspects of 
Marine Reactor Safety,’"” K. Maddocks. 


January 26.—The Institute of Marine Engineers 
(The Memorial Building, 76 Mark Lane, London, 
E.C.3, 5.30 p.m.). “* Control and Instrumen‘ation 
of Marine Reactors,” R. Anscomb and F. Hutber. 


January 27.—The Institution of Engineers and 
Shipbu‘lders in Scotland (joint meeting with Dundee 
Institute of Engineers, University College. Dundee, 
7.15 p.m.), ** Marine Nuclear Propulsion—a recent 
survey,”” K. Maddocks. 


muary 29.— Non-Destructive Testing Society 
Knox Brit. Inst. of Rad’o'ogy. 32 
Welbeck Street. London, W.1, 7 p.m.), discussion 
on how best to merge all interests in non-destructive 


February 2.—The Institute of Metals (Oxford 


Section), at the Cadena Cafe, Cornmarket Street, 
7 p.m.), “* Some Metallurgical Factors in the Failure 
of Engineering Structures,” L. E. Benson. 


February 3.—The Institut'‘on of Chemical 
Engineers (Midlands Branch, at Midland Hotel, Bir- 
mingham, 6.30 p.m.). “* The exchange of deuterium 
between hydrogen and liquid ammonia,” P. J. 
Bourke and J. C, Lee. 


February 4.—The Institute of Metals (17 Belgrave 
$.W.1. 6.30 p.m.), ‘* Thermal shock,” 
lenny. 


February 10.—Manchester Metallurgical Society 
(Central Library. 6.30 p.m.), ‘* The Precip‘tation- 
hardening Stainless Steels,”’ J. I. Morley. 


February 11.— Liverpool Meta!lurgical Society 
Goint meeting with Society of Chemical Industry, 
College of Technology, 7.30 pm), “ Recent 
Researches in the — and Protection of Iron 
and Steel,” J. C. Hudson. 
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TRANSLATIONS 


Résumés of Principal Articles 


L’Uranium (page 49) 

Dans cette discussion sur les trois principaux 
pays producteurs d’uranium, la_ situation 
actuelle en ce qui a trait aloffre et a la demande 
du minéral est examinée. En vue des hésitations 
au sujet des programmes d’énergie nucléaires 
européens, il est extrémement difficile de faires 
des prévisions exactes quant a l’importance de 
la demande mondiale d’uranium dans une 
dizaine d’années. 


Expérience Acquise au Cours de Il’Exploita- 
tion du Réacteur OMRE (page 53) 


Depuis sa mise en exploitation en 1957 le 
réacteur OMRE a permis de produire plus de 
1.400.000 d’éléctricité. Durant cette 
période, il a été possible de mesurer la vitesse 
de décomposition du refrigérant en fonction du 
régime d’exploitation et des températures de 
fonctionnement. En outre, il a été possible 
d’étudier diverses caractéristiques des surfaces 
d’échange de chaleur, les effets de l’irradiation 
sur divers types d’éléments de combustible et 
sur divers matériaux pour réacteurs au sein 
d’un liquide organique. Quelques détériorations 
accidentelles d’éléments de combustible ont 
permis également d’observer l’activation du 
réfrigérant dans ces circonstances. 


L’Expérience du Réacteur a Modérateur 
Organique (page 58) 

Le présent numéro comprend une bréve 
description de l’Expérience du Réacteur a 
Modérateur Organique. Elle sert a amplifier 
un grand dessin en coupe de la facilité construite 
pour I’A.E.C. des Etats-Unis a la Station 
Nationale d’Essais de Réacteurs, Idaho, par 
Atomics International. 


La Décomposition Radiolytique de Divers 
Liquides Organiques (page 59) 

Des recherches ont lieu a Harwell depuis 
plusieurs années au sujet des problémes techno- 
logiques que posent les réacteurs a4 modérateur 
organique. La décomposition pyrolitique et 
radiolytique de nombreux liquides organiques y 
compris le ** Santowax-R”’ a été également 
étudiée. L’hypothése fondamentale concerne la 
dépendance des valeurs de G en fonction du 
transfers d’énergie linéaire de l’agent disruptif. 
Les valeurs de G ne sont pas les mémes pour les 
particules lourdes (et par conséquent pour les 
neutrons des ions de carbone ou d’hydregéne 
dans les hydrocarbones) les rayons gammas et 
les électrons. Bien que d’autres expériences de 
décomposition de liquides organiques soient 
nécessaires pour permettre une étude systémat- 
ique, Vinterprétation des résultats obtenus 
jusqwici Harwell donne déja une vue 
d’ensemble satisfaisante. 


Données Techniques sur la Modération 
Organique (page 61) 

Le Réacteur a modérateur organique Piqua 
et les autres modéles a modération organique 
emploieront le Santowax-R comme réfrigérant/ 
modérateur. Lvirradiation a VT intérieur du 
réacteur a entrainé de plus fortes valeurs G que 
celles auxquelles on s’attendait au début et le 
besoin d’études plus basiques se fait sentir. Le 
présent article passe en revue certains des 
travaux courants en cette matiére et suggére 
des variantes_ possibles pour  évaluation 
ultérieure. 


Uran (Seite 49) 

In dieser Diskussion iiber die drei Lander, 
die den Hauptanteil der Uran-Produktion 
vertreten, wird die gegenwartigen Lage in 
Hinsicht auf Angebot und Nachfrage des 
Minerals iiberpriift. Angesichts der zégernden 
Haltung gegeniiber einem europdischem Pro- 
gramm zur Ausnutzung der Kernenergie ist es 
dusserst schwierig eine genauere Voraussage 
dariiber zu machen, wie sich die Nachfrage nach 
Uran in der Welt in zehn Jahren gestaltet haben 
wird. 


Geschichte des bisherigen Betriebes des 
OMRE (Seite 53) 

Die Geschichte des bisherigen Betriebsver- 
laufs des OMRE wahrend einer Betriebsdauer 
von iiber 1400 MW-Tagen bildet die Grundlage 
einer Studie iiber die Rate der Kiihlmittel- 
Zersetzung fiir Komponenten mit verschieden 
hohen Siedepunkten und bei verschiedenen 
Betriebstemperaturen. Es ist ferner méglich 
gewesen die Oberfidchencharakteristik der 
Warmeiibertragung zu studieren, ferner die 
physikalischen Verdnderungen des Kiihimittels 
unter Bestrahlung, die experimentelle Bestrah- 
lung von neuen Arten von Br toff-el t 
und Reaktoren-Materialien, umgeben von 
organischem Stoff. 


Die Anlage des OMRE (Seite 58) 

Dieses Heft enthdlt eine kurze Beschreibung 
des ‘* Organic Moderated Reactor Experi- 
ment.” Sie soll eine grosse das Innere darstel- 
lende Zeichnung der Anlage, die fiir die Atomic 
Energy Commission der V.St. auf der nationalen 
Reaktoren Versuchs-Station in Idaho gebaut 
worden ist, erkldren. 


Analyse radiolytischer Zersetzung (Seite 59) 


In Harwell sind seit mehreren Jahren Unter- 
suchungen im Gange, die sich auf die Folgen fiir 
die technischen Bedingungen beziehen, die ein 
organisch moderiertes System mit sich bringt, 
aud auf die pyrolytische und radiolytische 
Zersetzung der verschiedenen organischen 
Fliissigkeiten mit Einschluss von Santowax-R. 
Die dabei wesentliche Vorbedingung betrifft 
die Abhdngigkeit des G-Wertes von der 
linearen Energie-Uebertragung der zerstérenden 
Wirkung, d.h., dass der G-Wert nicht derselbe 
ist fiir schwere Teilchen (und folglich Neutronen, 
die durch Riiitestoss Kohlenstoff-und Wasser- 
stoff-lonen in Kohlen-Wasserstoffen produz- 
ieren), Gamma-Strahlen und Elektronen. 

Obwohl man der Meinung sein kann, dass 
ohne zusdtzliche Daten iiber die Zersetzungs- 
vorgdnge eine so dogmatische Betrachtung nicht 
als geniigend angesehen werden kénnte, so 
bringt doch die Auslegung der bisher vor- 
handenen Daten durch Harwell ein grosses 
Mass von Folgerichtigkeit in die Unterlagen, 
die sonst nur eine Masse von unzusammen- 
hdangenden Zahlen darstellen. 


Terephenyl als organisches Moderator- 
Kihlmittel (Seite 61) 


Der OMR in Piqua und andere Entwiirfe fiir 
Moderierung durch organische Stoffe werden 
Santowax-R als Moderator und Kiihlmittel 
verwenden. Bestrahlung im Meiler hat in 
G-Werten resultiert, die héher waren, als im 
Anfang angenommen wurde, und daher wird 
man noch tiefer gehende Untersuchungen 
machen miissen. Der Aufsatz bringt einen 
Bericht iiber einige laufende Arbeiten auf dem 
Gebiet und macht Vorschlége fiir mégliche 
Alternativen zurweiteren Diskussion. 


Uranio (pag. 49) 

En esta discusiédn se examina la situacién 
actual con respecto a suministro y demanda de 
mineral en los tres principales paises productores 
de uranio. En vista de las vacilaciones con 
respecto a los programas de energia nuclear 
en Europa se hace muy dificil vaticinar 
acertadamente sobre la demanda mundial de 
uranio dentro de diez ajos. 


Historia Operativa del OMRE (pag. 53) 


Una historia operativa del OMRE desde 
1957  cubriendo unas 1400 operaciones de 
MW4d forma la base de un estudio del coeficiente 
de descomposicién del refrigerante a diversos 
puntos de fraccién pesada y diferentes tem- 
peraturas de funcionamiento. También permite 
hacer un estudio de las caracteristicas de la 
superficie de transferencia de calor, cambios 
fisicos del refrigerante bajo  irradiacién, 
y irradiacién experimental de nuevos tipos de 
elementos de combustible y de los materiales 
de reactores en un ambiente orgdnico. La 
averia accidental de un elemento de combustible 
permitid también la recogida de informacién 
sobre la activacién del refrigerante bajo tales 
circunstancias. 


La Facilidad OMRE (pag. 58) 

En este niimero se incluye una breve descrip- 
cién del Experimento sobre Reactores de 
Moderacién Organica. Sirve para ampliar un 
amplio disefio seccionado de la facilidad con- 
struida en U.S. AEC en la Estacién Nacional 
de Prueba de reactores, de Idaho por Atomics 
International. 


Analisis de Descomposicion Radiolitica (pag. 

59) 

Desde hace varios aiios se vienen haciendo 
en Harwell investigaciones de las deducciones 
ingenieriles del sistema de moderacién orgdnica 
y de la descomposicién pirolitica y radiolitica 
de varios liquidos orgdnicos  incluyendo 
Santowax-R. La_suposicién general se 
refiere a la dependencia del Valor-G sobre la 
transferencia de energia lineal del agente 
disruptivo, es decir, el Valor-G no era el misme 
para particulas pesadas (y en consecuencia, 
los neutrones que producen carbén acumulado 
e iones de hidrégeno en los hidro-carburos) 
rayos gama y electrones. 

Aunque pudiera argumentarse que sin mds 
detalles de descomposicién adicional no se 
puede adoptar una aproximacién dogmatica, 
la interpretacién de Harwell de los datos ya 
conocidos significa una gran medida de 
consistencia a lo que, de otra manera, resultaria 
una masa de informacién discrepante. 


El Terfenil Como Moderador Refrigerante 
Organico (pdg. 61) 

El proyecto de Piqua OMR y otros proyectos 
de moderadores organicos habran de emplear 
el refrigerante moderador Santowax-R. 
La irradiacién en pila ha resultado en mds 
altos valores G que originalmente se preveian y 
por consiguiente se hace necesaria una nueva 
investigacién. En este articulo se analizan las 
labores que ahora se vienen realizando en este 


- sentido y se sugieren posibles alternativas para 


futuras valuaciones. 
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Eléments Combustibles pour les Réacteurs a 
Refroidissement Organique (page 64) 

La conception des éléments combustibles 
adoptés dans le Groupe de Propulsion Marine 
Hawker-Siddeley y est décrite. Les arguments 
qui y aménent y sont suivis, en commengant par 
le choix entre le métal uranium et l’oxyde 
d’uranium et ensuite entre les matiéres de 
chemisage. -De l’UO, chemisé dans de l’acier 
inoxydable fut finalement choisi bien qu'on 
s'attende a ce que le S.A.P. manifeste des 
améliorations une fois que sa technologie aura 
été établie. Dans le dessin d’un faisceau de 
tubes, des conditions de choc non rencontrées 
dans des réacteurs basés sur terre doivent étre 
considérées, et une rigidité suffisante assurée 
sans introduire des efforts thermiques inaccept- 
ables. Des expériences sont. en train d’étre 
faites pour déterminer le comportement du 
transfert de chaleur et l’effet des modifications 
des paramétres de conception. 


Les Polyphényles—La Situation des Appro- 
visionnements au Royaume-Uni (page 67) 

A l’heure actuelle les réfrigérants/modéra- 
teurs organiques sont des sous-produits de la 
pyrolyse du benzéne au diphényle. Le benzéne 
est fabriqué par l’industrie du goudron et des 
quantités suffisantes pourraient étre rendues 
disponibles pour répondre a tous développe- 
ments de la modération organique au Royaume- 
Uni. Si besoin est, Vindustrie pétro-chimique 
pourrait assurer un approvisionnement supplé- 
mentaire. 


Principales Caractéristiques du Réacteur a 
Modérateur Organique Construit a Piqua 
(Ohio) (page 68) 

Atomics International construit un réacteur a 
modérateur organique pour la ville de Piqua 
(Ohio), le réacteur est un descendant direct du 
réacteur OMRE. Il différe toutefois de ce 
dernier en de nombreux points. La puissance est 
notablement plus élevée: 45MW<(t). De 
uranium métallique légérement enrichi sera 
utilisé pour les éléments de combustibles du 
nouveau réacteur au lieu d’oxyde d’ uranium 
dans le cas d’OMRE. Les éléments de c 
ible tubulaires sont gainés d’aluminium. 
L’échangeur de chaleur d’?OMRE 4 circulation 
d’air est remplacé par une chaudiére capable 
d’alimenté une turbine a vapeur d’environ 
11,4 MW. Initialement on pensait loger 
(installation dans des batiments conventionnels. 
Mais en dernier ressort, il fut decidé de prevoir 
une enceinte de confinement blindée. Les 
travaux de construction sont en cours et d’aprés 
le programme des travaux, le réacteur devrait 
étre en état de fonctionner en 1961. 


Rentabilité des Réacteurs Organiques de 
Grande Puissance (page 72) 

Du point de vue économique, les réacteurs 
a moderateur organique ont plusiers avantages 
sur d’autres types de réacteur. La plupart de 
l’équipement est conventionnel. La quote-part 
du prix de revient due aux élé. ts de combust 
ible est faible car il est possible d’utiliser un 
gainage en aluminium. En outre, les dépenses 
d’entretien sont modérées. Une étude du CEA 
ameéricain permet d’estimer un prix de revient de 
7-8 mills/kWh pour un réacteur type OMR de 
300 MW(e) en 1965. Larticle rapporte les 
principaux points de cette étude qui comporte le 
calcul du prix de revient du kWh ainsi qu’une 
comparison avec une centrale thermique au 
charbon de puissance comparable. 


Le Laboratoire Fortement Radio-actif de 
Dounreay (page 75) 

Pour permettre d’effectuer des essais métal- 
lurgiques sur les lieux sur les éléments actifs un 
Laboratoire d’Eléments Combustibles Irradiés 
a été construit a Dounreay. Les facilités 
rendent les opérateurs en mesure d’enlever 
Vélément de sa chemise, de l’examiner aux 
rayons X et de vérifier les modifications 
dimensionnelles. 
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Brennstoffelemente fiir mit organischen Fliis- 
sigkeiten gekiihlte Reaktoren (Seite 64) 

Es wird die Konstrukiion der Brennstoffele- 
mente beschrieben, die fiir die Hawker-Siddeley 
Schiffsantriebs-Anlage zur Ausfiihrung gewahlt 
worden ist. Die Ueberlegungen, die dazu 
gefiihrt haben, werden nacheinander behandelt, 
angefangen mit der Wahl zwischen Uran- 
Metall und Uranoxyd und dann zwischen den 
Ummantelungs-Stoffen. Man wahlte zum 
Schluss UO, in Manteln von rostfreiem Stahl, 
obwohl man erwartet, dass S.A.P. Verbesserun- 
gen aufweisen wird, wenn erst die technolo- 
gische Lage gekldrt ist. Beim Entwurf der 
Rohrbiindel muss man auf Stossb uchungen 
Riicksicht nehmen, die man nicht bei Reaktoren 
hat, die auf dem Festland arbeiten, und die 
Konstruktion muss eine geniigende Starrheit 
aufweisen, ohne unannehmbare Warme-Beans- 
pruchungen herbeizufiihren. 


Organische Fliissigkeiten als Moderatoren 
und Kihlmittel—Die Versorgung in Gross- 
britannien (Seite 67) 

Die gegenwartigen als Moderatoren und 
Kiihlmittel kombiniert verwendeten Filliissig- 
keiten sind Nebenprodukte der Warmespaltung 
von Benzol zu Diphenylen. Benzol wird von der 
Kohlenteer-Industrie hergestellt, und geniigende 
Mengen kénnen zur Verfiigung gestellt werden, 
um jede Entwicklung in der Moderierung mit 
organischen Stoffen in Grossbritannien zu 
decken. Wenn notwendig, kénnte der chemische 
Zweig der Oel-Industrie weitere Lieferungen 
libernehmen. 


Die technische Korstruktion des OMR fiir 
Piqua (Seite 68) 

Der organisch moderierte Leistungs- Reaktor, 
den Atomics International fiir die Stadt Piqua, 
Ohio, baut, ist die logische Weiterentwicklung 
des OMRE. Ausser der betrdchtlich héheren 
Leistung (44,5 Wdarme-MW) sind _natiirlich 
auch betrdchtliche Konstruktions-Unterschiede 
vorhanden, Als Brennstoff soll leicht angereich- 
ertes Uran M Metal verwendet werden (OMRE 
benutzt Uranoxyd) und zwar im Aluminium 
Mantel, und die Brennstoffelemente sind 
rohrférmig ausgebildet. Der mit Luftgeblése 
arbeitende Warme-Austauscher der OMRE ist 
durch eine Dampf erzeugende Anlage ersetzt 
worden, die gross genug ist, um eine vor- 
handenes Turbinen-Werk von etwa 11,4 MW 
Leistung zu versorgen. Es war urspriinglich 
vorgeschlagen worden, die Anlage in normalen 
Gebduden unterzubringen, doch hat man jetzt 
abgeschirmte Baulichkeiten vorgesehen. 


Die Wirtschaftlichkeit grosser organischer 
Reaktoren (Seite 72) 

Organisch moderierte Systeme haben vom 
wirtschaftlichen Standpunkt aus _betrachtet 
grosse Vorteile gegeniiber anderen Reaktoren; 
grosse Teile der Anlage sind konventionell; 
Brennstoffkosten sind gering wegen der Ver- 
wendung einer Aluminium-Ummantelung und, 
weil kein Unterhaltungsproblem besteht wegen 
der geringen Aktivitét des Kiihlmittels. Eine 
neue Untersuchung, die von der V.S.AEC 
vorgenommen wurde, zeigt, dass bei en 
300 MW(e) OMR dei Leistungskosden 1965 
7 bis 8 Mill/kWh sein wiirden. Der Aufsatz 
bringt die Hauptpunkte der Untersuchung und 
gibt nicht nur eine Analyse der Kosten, sondern 
auch einen Vergleich mit einem ungefahr gleich 
grossen Kraftwerk mit Kohlenfeuerung. 


Heisses 
(Seite 75) 

Um _ wmetallurgische Versuche “auf der 
Stelle’”’ an aktiven Elementen ausfiihren zu 
kénnen, ist eine Laboratorium fiir bestrahlte 
Brennstoffelemente in Dounreay_ errichtet 
worden. Die Anlage ermdéglicht es dem 
Element aus seinem Mantel zu 
mit Réntgenstrahlen zu unter- 
Aenderungen in Dimensionen 


Laboratorium in Dounreay 


Personal das 
entfernen, es 
suchen und 
nachzupriifen. 
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Elementos de Combustible Para Reactores de 
Moderacion Organica (pdg. 64) 

En este trabajo se describe el disefio de los 
elementos de combustible adoptados en la 
Unidad de Propulsién Marina Hawker- 
Siddeley. Se estudian los argumentos sobre 


’ diversos puntos, comenzando con la eleccién 


entre metal urdnico y 6xido de uranio y entre 
los diferentes materiales de envase. El UO, 
envasado en acero inoxidable fué el elegido 
finalmente, aunque se espera que S.A.P. 
muestre mejoras una vez se haya establecido 
su tecnologia. En el disefio de haz de tubos, 
las condiciones de impacto, que no se encuentran 
en reactores de base terrestre, tienen que ser 
estudiadas y lograr suficiente rigidez sin 
necesidad de introducir esfuerzos térmicos 
inaceptables. Se han hecho experimentos para 
determinar el comportamiento de transferencia 
térmica y el efecto de los cambios sobre el 
diseto de los pardmetros. 


Refrigerantes Moderadores Organicos— 
Posicion de Suministro en el Reino Unido 
(pag. 67) 


En la actualidad los refrigerantes de 
moderadores orgdnicos se obtienen como 
subproductos de la pirdlesis de la bencina a 
difenil. La bencina se fabrica por la industria 
del alquitran de carbén y se podria contar con 
suficientes cantidades para cubrir cualquier 
desarrollo en el campo de la moderacién 
orgdnica en el Reino Unido. De ser necesario 
la industria petro-quimica podria contribuir con 
nuevos suministros. 


Disefio Ingenieril de Piqua OMR (pdg. 68) 
El reactor de energia de moderacién 
organica que la Atomics International viene 
construyendo para la ciudad de Piqua, Ohio, 
es el resultado légico del OMRE. Ademds 
de su produccién mucho mayor (45.5 MW 
térmicos) hay, naturalmente, notables diferen- 
cias de diseno. El combustible ha de ser metal 
M de uranio ligeramente enriquecido (a 
diferencia del OMRE que emplea éxido de 
uranio) revestido en aluminio, y los elementos 
de combustible son de formacién tubular. El 
intercambiador de calor a chorro de aire del 
OMRE es sustituido por un equipo generador 
de vapor adecuado para alimentar el grupo 
actual de turbinas con una capacidad aproxi- 
mada de 11.4 MW. Se proposo originalmente 
instalar el equipo en edificios de tipo con- 
vencional, pero ahora se instala cierre protector. 
El trabajo ha comenzado ya en el solar y el 
reactor debiera estar en funciones en 1961. 


Economia de los Grandes Reactores Organicos 

(pag. 72) 

Desde el punto de vista econémico sist s 
moderados orgdnicamente presentan muchas 
ventajas sobre otros reactores; gran parte del 
equipo principal es del tipo convencional; el 
costo de combustible es bajo debido al reves- 
timiento de aluminio y porque debido al bajo 
refrigerante no hay problemas de mantenimiento. 
Un estudio reciente llevado a cabo por el 
U.S. AEC demuestra que un 300 MW(e) 
OMR tendria un costo de energia de 7 a 8 
mills/kWh para 1965. El articulo explica las 
principales caracteristicas de este estudio y 
presenta solamente un andlisis del costo sino 
también una comparacién con una planta de 
tamafio parecido operada al carbén. 


El Laboratorio Radioactivo de Dounreay 

(pag. 75) 

Para poder hacer ensayos metalirgicos en 
el lugar sobre elementos activos, se ha 
construido en Dounreay un Laboratorio de 
Elementos Irradiados de Combustibles. Esto 
permite a los operadores extraer el elemento 
de su envase, examinarlo a los Rayos X y 
comprobar los cambios dimensionales. 
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(Left) Mr. A. Robens, former Labour Party Minister 
of Labour, who has been appointed labour relations 
officer by Atomic Power Constructions, talking to 


shop stewards on site at Trawsfynydd. (Above) 
Preparation for concrete laying for No. 1 reactor. The 
site for the power station is 600 ft above sea level, 
very exposed, and on a nearly solid rock foundation. 


World News 


International 


THE U.S.-EURATOM Joint Research 
and Development Board have announced 
that 23 contracts for research and develop- 
ment work, worth nearly $3.5 million, have 
been authorized during the past six months. 
Fourteen Euratom and eight U.S. organiza- 
tions are involved. 


A THREE-MEMBER reactor evaluation 
team from Euratom has recently completéd 
a four-week study in the U.S. of the pro- 
posals for power stations to be built in 
Italy (SENN) and Germany (AKS). The 
study was held in conjunction with the 
Argonne National Laboratory where studies 
on heat transfer characteristics and plant 
design have been carried out for the power 
stations. 


THE FORD FOUNDATION have 
granted $500,000, over a four-year period, 
to CERN. The grant will enable CERN to 
invite physicists from non-member states 
to study in their laboratories at Geneva. 


AWARDS TOTALLING 47 for research 
have been awarded by the IAEA to scientific 
institutes in 20 countries. The majority of 
the projects are designed to reduce hazards 
involved in the peaceful uses of nuclear 
energy, but some have investigated wider 
applications of radiation and radioactive 
substances. The total expenditure incurred 
by the Agency amounts to more than 


United Kingdom 


ALL FOUR REACTORS at Chapelcross 
are now operating. The fourth went critical 
on December. 27 and after a period of about 
three months will operate at full power. The 
power station will then be supplying 140 MW 
to the national grid. The first supply of 
electricity started in February, 1959. 


ZENITH WENT’ CRITICAL on 
December 19 at Winfrith. The international 
staff assembling at the research establish- 
ment for the DRAGON project will operate 
the reactor to establish design characteristics 
for DRAGON. A full description of 
ZENITH appeared in Nuclear Engineering, 
November, 1959. 


GOVERNMENTAL SURVEYS on the 
proposed plan to build a nuclear power 
station in Northern Ireland amounted to 
£37,074 during 1958-59, £17,520 was paid 
in consultant fees and expenses and £18,863 
was used in investigating sites. 


WORK HAS RESUMED at Hunterston 
following meetings of the Boilermakers 
Society and members of the Constructional 
Engineering Union in Glasgow. More than 
500 workers were laid off by Motherwell 
Bridge, one of the chief contractors, in 
September following 32 unofficial strikes in 
18 months and work almost ceased on the 
site. It is estimated that the power station 
will now be completed one to one and a 
half years behind schedule. 


A REVISED DRAFT CODE for safety 
in the use of ionizing radiations has been 
published by the Ministry of Labour. The 
new draft has been decided on, following a 
large number of suggestions which were 
received after the original draft was 
published in 1957. 


THE SECOND COURSE in the principles 
of radiation protection will begin at the 
Harwell Reactor School on April 20. 


TOURIST FACILITIES are to be estab- 
lished outside the Dounreay establishment to 


enable casual visitors to gain some under-_ 


standing of the work in progress. 


AFTER TWO YEARS the civil engineer- 
ing work at Hinkley Point is nearing com- 
pletion. The mechanical engineering phase 
is in full swing and fabrication in the site 
workshops is going ahead on the second, 
third and fourth steam-raising units. Con- 
struction of the turbine hall and extension 
buildings, believed to be the largest in 
Europe, are far advanced. The first reactor 
is expected to go critical towards the end 
of 1961 and the station should be commis- 
ioned in 1962. 


The first steam-raising unit being lifted into 
position at Hinkley Point. The lift was made 
by a 250 fe high 400 ton Gol ath crane. The 
pressure vessel is 90 ft long, 21} ft in diameter 
and will incorperate tubing more than 27 

miles in length when finally installed. 
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United Kingdom 


WAGE INCREASES have been granted 
to manual workers in the AEA. At a 
meeting of the General Purposes Committee 
of the National Joint Industrial Council on 
Jan. 6, it was agreed that increases of 
10s. 6d. per week for craftsmen and 9s. for 
general workers will be operative from 
Jan. 4. 


URANIUM SURVEYS in S.W. England 
are practically complete. No commercially 
significant deposits have been found. 


EXTENSIVE TESTING is being under- 
taken on the pressurized water reactor 
Westinghouse will supply for the Mol 
research centre. The core has been assembled 
in the United States but after the evaluation 
period will be dismantled and shipped to 
Mol. 


Canada 


FOUR MINES in the Rio Tinto Group, 
Algom, Milliken Lake, Northspan and 
Pronto, the major producers, have been 
assured of continuing production at present 
levels until March 31, 1960. The Group 
have not yet finalized plans to implement the 
stretch-out policy but bids have been made 
for contracts held by other companies. 

NEW DISCOVERIES of uranium ore 
have been made at the Faraday Uranium 
Mines in south-eastern Ontario. Indications 
are that approximately 45,000 tons, with an 
average grade of 0.35% uranium oxide, are 
located in one area. 

COMPLETION OF NEGOTIATIONS 
have been announced by Gunnar Mines and 
Rayrock Mines with Eldorado Mining 
whereby Gunnar will sell sufficient uranium 
concentrate to Rayrock to enable it to com- 
plete the rest of its contract with Eldorado 
Mining who are the Government purchasing 
agent. 


Denmark 


15 TONS OF HEAVY WATER have been 
received from the U.S. for the 10 MW 
DR 3 reactor at Ris#. The Danish Atomic 
Energy Commission are reported to have 
obtained the heavy water at a bargain price, 
representing a saving of Kr. 5 million. 
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The final signature. Mr. 
M. D. Yasukawa, presi- 
dent of the Japanese 
Atomic Power Com- 
pany signing the con- 
tract for the 150-MW 
gas-cooled, graphite 
moderated power 
station G.E.C. will 
build at Tokai Mura 
near Tokyo. Construc- 
tion has now started 
and the station is 
expected to be com- 
pleted by 1964. 


France 


A FRENCH-AMERICAN COMPANY is 
to be formed for the construction of nuclear 
reactors for the French market. The com- 
pany, Dynatom, will be formed by 
Atomics International and Société 
Alsacienne des Constructions Méchaniques 
and the first project will be a 165-MW 
organic moderated reactor at a site near 
Chooz, Ardennes. 


A PEGASUS swimming-pool-type reactor, 
which is used in research work on fuel 
elements, is to be supplied by the CEA to 
Tunisia. 


India 


PRESIDENT EISENHOWER pressed the 
button to start the TRIGA reactor at the 
First World Agriculture Fair in New Delhi. 
The reactor will be operated throughout the 
two months’ fair and will produce isotopes 
for use in experiments benefiting agriculture. 


MORE THAN 100 BOOKS on nuclear 
energy contributed by the U.K. were 
featured at the exhibition of scientific and 
medical books at the Indian Science Con- 
gress in Bombay. The exhibition will now 
tour India. 


Steady progress is 
bein made at Bradwell 
and the standpipes have 
been erected in No. 1 
reactor pressure vessel. 
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Italy 

INSTRUMENTATION for the 5-MW 
swimming-pool-type reactor to be construc- 
ted near Pisa will be supplied by Leeds and 
Northrup of Philadelphia. This will be the 


_ first installation outside the U.S. of the 


company’s new modular amplifiers. Babcock 
and Wilcox are the main contractors for the 
reactor which will form part of the 
Government’s research centre, CAMEN. 


Japan 

A GIFT of a TRIGA reactor will be made 
by the Episcopal Church of America to St. 
Paul’s University in Tokyo. The cost of 
the reactor ($360,000) was raised by public 
subscription. 


Netherlands 


IT IS REPORTED that the Dutch 
electricity generating companies have decided 
against building a nuclear power station for 
the time being. The companies are said to 
have concluded that the costs of a nuclear 
station are too great to bear in comparison 
with conventional stations. 


South Africa 


URANIUM PRODUCING MINES will 
participate with the Government and certain 
industrial concerns in the financing of 
nuclear research. The mines will contribute 
the sum of £400,000 annually, on the basis 
of the amount of uranium sold. 


Turkey 

A RADIO-ISOTOPE LABORATORY is 
to be established at the Faculty of Agricul- 
ture, Ankara University. The IAEA will 
supply $60,000 towards the construction of 
the laboratory. 


Yugoslavia 


THE FIRST REACTOR in Yugoslavia 
achieved criticality at the Boris Kidric 
Nuclear Energy Institute near Belgrade on 
December 28. President Tito attended the 
ceremony when the zero energy, heavy water 
moderated, natural uranium _ research 
reactor began operating. Purchased from 
the U.S.S.R. the reactor was due to go 
critical in September, 1958. An accident 
involving six workers in 1958 delayed work. 
however. The reactor wiil be used to supply 
the country’s isotope needs, which are now 
met by imports from the U.K. 
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U.S.S.R. 


AFTER 2,000 MILES operation the tech- 
nical characteristics of the nuclear powered 
ice-breaker, Lenin, have been fully proved. 
The ship has now been transferred to the 
Soviet merchant navy for use in the Arctic. 


DIFFICULTIES in building fast breeder 
reactors appear to be similar to those 
encountered in the U.K., according to the 
Russian fast breeder delegation who have 
recently completed a visit to this coun‘ry. 
Problems have been encountered in loading 
the sodium and sodium circulatory systems. 
The Russians expressed the view that more 
reciprocal visits should be arranged, and 
they were impressed with the U.K. 
programme. 


SOVIET ACHIEVEMENTS in the peace- 
ful uses of nuclear energy will be exhibited 
in Iraq, Italy, Lebanon, France, Czecho- 
slovakia and Ethiopia during this year 
according to Tass. 


A WATER-WATER TYPE, 10-MW 
research reactor has been completed at the 
Academy of Sciences’ Physical and Tech- 
nical Institute in Leningrad. Although in 
operation the reactor is not yet at full 
capacity. 


U.S.A. 


FIRST URANIUM for the manufacture 
of the fuel elements for the U.K. submarine, 
Dreadnought, is to be supplied to Westing- 
house by Mallinckrodt Nuclear. The 
materia] wiil be shipped to the Westinghouse 
fuel manufacturing facility at Blairsville, 
Pennsylvania, for manufacture. Mallinck- 
rodt will also supply 14,175 Ib of 3.9% 
enriched uranium dioxide in powder form 
for half of the second core for the ship 
Savannah. 


FIVE PROPOSALS have been made to 
the AEC to operate a small pressurized 
water reactor with a fossil fuelled super- 
heater, which the Commission intend build- 
ing. The cities of Miamisburg. Detroit. 
Fort Pierce, Jamestown and the Dairyland 
Power Cooperative of La Grosse all want 
the care of the 60-MW reactor. 


A JOINT PROPOSAL has been made by 
Consumers Power and General Electric to 
build a 50-MW boiling water power station 
at Big Rock Point, in Michigan, at an esti- 
mated cost of $27 million. The companies 
have stated that the design would result in 
a substantial increase in power per unit 
volume of fuel and they have asked the 
AEC to sponsor research and development. 


NEW ENGLAND’S second reactor has 
gone critical. The 1-kW pool-type training 
reactor at the Worcester Polytechnic Institute 
began operating on December 18. The 
reactor was built by General Electric. 
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Three members of the 
U.S.S.R. fast breeder 
team who recently 
visited Dounreay and 
other AEA establish- 
ments. Left to right: 
Mr. B. B. Baturov, 
Mr. O. D. Kazachkovskii 
and Mr. M. S. Pinkhasik. 
The scientists con- 
firmed Russia’s inten- 
tion to build a 
50 MW(e) fast breeder 
Station at a site on 
the Volga. 


ADDITIONAL TESTS of the control rod 
drives at the Dresden power station are 
being undertaken. Various tests have been 
made on the drives to determine the cause 
of the separation of the control rod and 
the control rod drive. Damaged seals and 
inadequate buffering action at the end of 
the drive travel have been encountered and 
remedied. 


A CONTRACT is being negotiated by the 
AEC with The Fluor Corporation to do 
architectural and engineering work on an 
organic cooled reactor. Atomics Inter- 
national will assist in the design of the 
nuclear portion of the plant. $6 million has 
already been allocated by Congress for the 
reactor which received its conceptual investi- 
gation by Phillips Petroleum. Comprising 
a flexible facility for fuel element and 
organics development, it will be constructed 
at the NRTS, Idaho. 


THE LICENCE HEARING on the appli- 
cation of Walker Trucking for an amend- 
ment authorizing the use of a site in New 
Britain in connection with sea-disposal of 
low-level nuclear wastes, has been resumed. 
The company have a licence to collect low- 
level packages of waste for disposal at sea 
in weighted steel drums. 


PUBLIC RECORDS regulations have 
been amended by the AEC so that com- 
munications received from members of 
Congress will be placed in the public 
records. This has become necessary owing 
to the large amount of correspondence 
received concerning waste disposal. 


TWO PROTOTYPE POWER PLANTS of 
50 MW each are the basis of a new invita- 
tion proposal by the AEC. One plant 
would incorporate a boiling water reactor 
and the other an organic-cooled and moder- 
ated type. 


THE LAND-BASED nuclear submarine 
power plant, SIC, achieved full power on 
December 19. Built by Combustion 
Engineering for the AEC the plant incorpor- 
ates a pressurized water reactor and propul- 
sion machinery housed in a section of a 
submarine hull. 


ATOMICS INTERNATIONAL are to 
receive permission from the AEC to con- 
struct a critical experimental facility for use 
in their advanced ep‘thermal thorium reactor 
programme. The facility will be located in 
Venture County, Calif., and will be a low 
power, separable-half type. 


PERMISSION is also to be given to the 
Walter Reed Medical Centre for the con- 
struction of a homogeneous solution-type 
reactor, light water moderated and graphite 
reflected, using highly enriched uranium 
fuel. The reactor will be built at the Centre 
in Washington. 


A SPECIAL 10-WEEK COURSE in health 
physics, to be conducted by the Oak Ridge 
National Laboratory, will be attended by 20 
specially selected applicants. The course is 
des‘gned to provide instruction in the basic 
principles of radiation monitoring control. 


WESTINGHOUSE are to receive an 
amendment to their reactor licence which 
will enable them to increase the maximum 
power level of their tank-type experiment at 
Waltz Mill from 20 MW to 60 MW. 


LATEST nuclear-powered submarine to be 
commissioned is the Halibut, a submarine 
capable of firing the Regulus guided missile. 
The ceremony took place at Vallejo in 
California. 


LATEST NUMBER of grants approved 
by the AEC to encourage nuclear training 
in life sciences is 37, amounting to nearly 
$435,000. The total number of grants since 
the programme was started in October, 1957, 
is now 230, spread over 146 institutions. 


The Atomics International hot cell laboratory for the examination of irradiated 


fuel materials and other reactor 


Pp 


at the company’s field laboratory 


in the Santa Susana Mountains near Los Angeles. It is believed to be the 
largest privately owned laboratory of this nature in the world. 
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Personal 


Appointments 


The board of The Nuclear Power Group 
will be: Lord Chandos, chairman, Sir 
Edward Thompson and Mr. H. West repre- 
senting A.E.I. and John Thompson, Mr. 
R. E. McAlpine, vice-chairman, Mr. H. H. 
Mullens and Sir Join G. Wrightson, repre- 
senting N.P.P.C. together with Mr. A. J. 
Sayers, general manager. Senior executives 
will be: Mr. S. A. Ghalib, deputy general 
manager; Mr. W. A, K. Wicks, secretary : 
Mr. R. D. Vaughan, chief engineer and 
Mr. J. R. M. Southwood, deputy chief 
engineer. 


Mr. H. Cartwright, previously deputy 
director, as director of industrial power in 
the AEA’s D. and E. Group. 


Mr. V. R. Prehn and Mr. G. W. Bone 
as joint managing directors of Ruston and 
Hornsby. 


Mr. C. F. Kearton as chairman of the 
Electricity Research Council in succession to 
Sir David Brunt who becomes vice-chairman. 


Mr. M. Clapham as chairman and Mr. 
G. A. D. Smith as commercial managing 
director of the metals division, I.C.I. 


Glenfield and Kennedy board appoint- 
ments are: Mr. J. H. Lawrence, Mr. D. A. S. 
MacLellan, Mr. J. C. Robertson and Mr. 
J. G. Workman. 


Mr. G. H. Hopewell as deputy chairman 
of Foster Wheeler. Mr. C. E. H. Verity 
becomes managing director, and Mr. R. B. 
Kerr, deputy managing director. 

Mr. E. T. Judge as joint managing 
director of Dorman Long (Steel) and an 
executive director of Dorman Long and Co. 


Mr. W. J. Ruston as chairman of Davey 
Paxman. 


Mr. F. W. H. Shaw as managing director 
of Submarine Cables. 


Mr. H. H. E, Georgel as contracting 


division manager of Consolidated Pneumatic 
Tools. 


Mr. G. P. Davidson as managing director 
of Head Wrightson. 


Mr. H.H. E. Georgel. Mr. B. A. Worswick. 
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Mr. A. Robens. 


Mr. V. R. Prehn. 


Mr. A. Robens as labour relations adviser 
to Atomic Power Constructions, 


Mr. S. R. Wilkins as managing director 
of Avo. 


Mr. E. Strauss as director and general 
manager of Taylor Electrical Instruments. 


Mr. J. E. A. Heale as general manager 
of works of A.E.I. (Woolwich). 


Mr. L. W. Noble as manager of the 
London office of Cockburns and Mr. W. A. 
Duckworth as manager of the newly opened 
Manchester branch. 


Mr. N. R. R. Brooke as sole managing 
director of Guest, Keen and Nettlefolds. 
Mr. K. S. Peacock has relinquished his 
position as joint managing director but 
remains chairman. Mr. D. Bruce-Gardner, 
Mr. S. Lloyd and Mr. H. W. A. Waring 
to the board. 


Mr. G. M. Wells as assistant managing 
director of Hopkinsons and Mr. J. A. Fuller 
as chief engineer. 


Mrs. V. D. Johnson as managing director 
of Detel Products. 


Dr. W. O. Hiscock as chairman of the 
Lead Development Association. 


Mr. B. A. Worswick to the board and 
as technical director of Elcontrol. 
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Mr. G. W. Bone. Mr. G. A. D. Smith. 


Overseas Appointments 

Professor P. Riberto de Arruda of Brazil 
as the director of the IAEA division of 
exchange and training. 

Mr. F. B. Jewett as president of Vitro 
Corporation and Mr, C. S. Payson as chair- 
man of the executive committee of the board 
of directors. 


Retirements 

Mr. T. M. Horn as manager of the Leeds 
branch of Atlas Copco (Great Britain). 

Mr. G. Sewell as chief engineer of 
Hopkinsons. 

Mr, H. Riggall as managing director of 
Ruston and Hornsby while still retaining a 
seat on the board. 


Obituary 

Nuclear Engineering regret to announce 
the death of: 

Mr. M. Douglas, managing director of 
Morgan Refractories, on December 27. 


Tours 

Lord Chandos, chairman of A.E.I., for a 
month to India. 

Mr. T. L. Martin, director and general 
manager of West Instruments, to the United 
States. 


NEW YEAR 


Baron 


Sir George Horatio Nelson, chairman of 
English Electric. 


Baronet 


Mr. J. K. Vaughan-Morgan, Minister of 
State, Board of Trade. 


Knights 

Dr. H. S. W. Massey, Professor of 
Physics, University College, London; Mr. 
R. P. Morison, independent chairman of 
executive committee, British Iron and Steel 
Federation; Mr. A. B. Waring, chairman 
and managing director, Joseph Lucas 
(Industries). 


G.C.B. 
Sir Roger Makins, chairman of the AEA. 


Rear-Admiral Sir Matthew Slattery, chair- 
man and managing director of Short 
Brothers and Harland; Mr. D. D. 
Cruikshank, general manager, Renfrew, 
Dalmuir and Dumbarton works, Babcock 
and Wilcox; Mr. L. J. Davies, director of 


HONOURS 


Sir George Nelson. Sir Roger Makins. 
research and education, British Thomson- 
Houston; Mr. A. J. Nicholas, managing 
director Switchgear (South Wales). 


O.B.E. 

Mr. P. M. Holman, chairman of Holman 
Brothers; Mr. E. J. Timberlake, joint 
managing director, Electro Dynamic Con- 
struction; Mr. E. T. Wilkins, principal 
scientific officer, Department of Scientific 
and Industrial Research. 
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Industrial Notes 


NUCLEAR ENGINEERING 


Elliott-Automation have taken over 
Isotope Developments (as forecast in 
Nuclear Engineering, Oct., 1959) who will 
now be known as Nucleonic Investments. 
This merger is subject to approval of the 
members and loan stockholders of Isotope 
Developments. Nucleonic Investments 
will continue as owners of R. A. Stephen, 
a company producing radiation measuring 
instruments. 


Elliotts have also purchased Black Auto- 
matic Controls of Corsham, Wilts, manu- 
facturers of a wide range of control valve 
and pressure regulating equipment. 


Following negotiations, announced on 
August 14, Nuclear Power Plant and A.E.L- 
John Thompson have now become partners 
on an equal basis and will be known as 
The Nuclear Power Group. Head office 
of the company will be at Radbroke Hall, 
Knutsford, Cheshire, and the constituent 
members are: Associated Electrical 
Industries ; Clarke, Ohapman; Alex 
Findlay; Head Wrightson; Sir Robert 
McAlpine and Sons; C. A. Parsons; A. 
Reyrolle; Strachan and Henshaw; John 
Thompson, and Whessoe. Each partner will 
have three representatives on the board. 


C. A. Parsons and A. Reyrolle are to 
merge. The companies have been closely 
connected for many years. 


Electric Resistance Furnace are to supply 
the AEA with six Efco-Lindberg furnaces 
worth £15,000. The furnaces are for heat 
treatment of fuel elements and are fitted 
with external forced-convection heating 
units. This company have already supplied 
the AEA with 12 similar furnaces. 


A new model form of general conditions 
of contracts, B.2(L960), has been prepared 
by the joint committee on model forms of 
The Institution of Mechanical Engineers and 
The Institution of Electrical Engineers. It 
has been published under the authority of 
the Councils of the two Institutions. 


AEI are to supply the second 550 MW 
turbine-generator for the CEGB’s Thorpe 
Marsh power station now under construc- 
tion. The set will be a two-speed conven- 
tional cross-compound machine. Total 
value of the contract is approximately 
£33 million. 


Head Wrightson Processes have been 
extended to cover all nuclear research and 
nuclear power interests of Head Wrightson 
and Co. The headquarters at Yarm-on- 
Tees, in Yorkshire, will be responsible for 
carrying out the work in connection with 
the power stations at Bradwell and Latina 
and the research projects in Denmark and 
Germany. The London office will continue 
to design and manufacture industrial cool- 
ing equipment, water treatment plant and 
specialized chemical plants. 


The mobile 
nuclear exhibition 
which recently 
been on show at the 
Institute of Technology 
in Bradford. Next 
month the exhibition 
will be on view in 
Bristol. 


The Index for the 1959 volume of 
Nuclear Engineering has been included as 
an insert in this or the January issue. Because 
it is not stitched in, it has been necessary to 
reduce the size of the page, but a limited 
number of uncut copies are available for 
those wishing to include them in bound 
volumes. 


Ilford have supplied 12 cwt of their G.5 
nuclear emulsion to the U.S. for outer space 
tests. The emulsion will be flown at 
altitudes of 100,000 to 120,000 ft in balloons 
in order to determine the interactions of 
nuclear particles at low-energy levels. 


Cockburns are to supply five sets of 
combined change-over and safety valves to 
the AEA, The valves will be used in the 
CO, circuits of the AGR at Windscale. 
Operating temperature is 760°F. Set to 
blow off at 280 p.s.i. the full-bore type, 
deadweight control valves incorporate 
special alloy-steel chests and internal parts. 


A reciprocal manufacturing and selling 
agreement been _ signed between 
Cockburns and Ateliers et Chant‘ers de 
Bretagne of Paris. Cockburns will manu- 
facture special compressors and evaporators 
in the U.K. and Messrs. Bretagne will make 
marine, industrial and nuclear appliances in 
France. 


Hawker-Siddeley’s take over of de 
Havillands primarily to merge the aircraft 
interests will result in the combination of 
the nuclear groups. Hawker’s HTGC com- 
mitments, previously confined to the produc- 
tion of impermeable graphite will be 
augmented by de Havilland's loop and 
circulation experience. 


Pantak, of Windsor, have recently con- 
cluded an agreement with Usiness Balteau, 
of Liége, for the marketing in the U.K. of 
two ranges of light-weight, _ portable 
industrial X-ray equipment. 


An agreement on the holding of reciprocal 
exhibitions of Soviet and British trade and 
industry in London and Moscow during 
1961 has been signed between Industrial and 
Trade Fairs, Ltd., and the All-Union 
Chamber of Commerce of the U.S.S.R. 


Markland Scowcroft have been appointed 
agents by Hattersley (Ormskirk) for their 


gunmetal and cast-iron valves and their new. 


range of gunmetal radiator valves. 
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A further stage in the expansion of SIMA 
is the announcement of a director with an 
assistant. Capt. R. A. Villiers will be the 
first director and Mr. G. L. Knight will act 
as his assistant. 


Kelvin Hughes have signed a reciprocal 
agreement with Curtiss-Wright of the U.S. 
for the manufacture and sale of non- 
destructive testing equipment. The agree- 
ment includes instruments for the inspection 
and measurement of materials and equip- 
ment employing ultrasonic techniques in all 
industrial fields. Kelvin Hughes will repre- 
sent both companies’ interests in the U.K., 
Europe and the Commonwealth, excluding 
Canada, and Curtiss-Wright will cover the 
U.S.A. and Canada. 


Standard Telephones and Cables are now 
producing tunnel diodes of an advanced 
nature. The new diodes exhibit a very 
pronounced negative resistance characteristic. 


Londex have signed an agreement which 
will enable them to sell a range of miniature 
relays, at present manufactured in West 
Germany, in the U.K. 


Hunting Aerosurveys and Hunting Geo- 
physics are amalgamated into one company, 
Hunting Surveys. 


Nash and Thompson have acquired 
another factory at Hook Rise, Tolworth. 
This purchase has been made necessary to 
cope with the expansion of production and 
development over the past few years. 


New electricity generating plant exceeding 
24 million horse-power was installed by the 
CEGB during 1959. The total additional 
electrical output capacity was 1,670 MW. 


The Ninth National Electrica) Engineers 
Exhibition will be held at Earls Court from 
April 5-9. 


Changes of Address: 
British Welding Research Association are 


now at 19 Fitzroy Square, London, W.1. 
Tel.: Euston 9595. 


High Duty Alloy’s Scottish sales office is 
now at De Quincey House, 48 West Regent 
Street, Glasgow, C.2. Tel.: Douglas 1500. 


Electropol Processing’s new telephone 
number is Farnham 3355. 
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The Physical Society’s 


Many new exhibits of nuclear interest were on show at the 44th Exhibition of 
Instruments and Apparatus arranged by the Physical Society and heid at the Old 
and New Horticultural Halls, at Westminster, London, from January 18 to 22. 


Eke Physical Society’s annual exhibition 
(Old and New Horticultural Halls, 
Westminster, London, January 18 to 22) 
provides a unique opportunity for instru- 
ment makers to present and discuss new 
ideas before a critical (but sympathetic) 
audience. The Society sensibly insists that 
only new products—proposals, prototypes 
or pre-production models—should be shown. 
The visitor can therefore expect to find 
more novel exhibits than at any comparable 
exhibition. 

Following the pattern established in 
recent years many items have a direct bear- 
ing on the development of nuclear energy— 
a reflection, no doubt, of the great amount 
of nuclear research carried out behind the 
scenes by British industry. 

Some of the more important developments 
are summarized below: 


Fleming Radio (Developments) 
Millimicrosecond pulse shaper designed to 
speed up leading edges of pulses. 


20th Century Electronics 

Miniature photomultipliers, 3} in. in 
diameter. BF, thermal neutron counters, 
from 4 in. diameter tubes upwards. Fission 
ionization chamber for flux-scanning of gas- 
cooled reactors. Méetal-ceramic vacuum 
seals for H.T. operation. Windowless flow 
counters. 


Salford Electrical Instruments 

Gamma-ray level indicator with transis- 
torized control unit which can be up to 
500 yd from detector. A four-level slave 
indicator enables this range to be extended 
to 2,000 yd. 


Dynatron Radio 

Power packs providing stabilized E.H.T. 
for (a) G-M tubes and ionization chambers, 
(b) scintillation and other proportional 
counters. Nucleonic instrument test set. 
Battery-powered soil density and moisture 
measuring equipment utilizing a gamma 
source. Timing unit for non-automatic 
scalers. 


Ferran‘i 

Ceramic-metal seal assemblies including 
pure alumina seals for operation at tem- 
peratures of up to 800°C. 


Plessey 

Various monitors: selective gamma _ for 
detecting plutonium at MPL levels; con- 
tamination; milk, and water. Miniature 
fission counters for flux distribution. 


Burndept 

Industr’al radiation switch which.in con- 
junction with a beta or gamma source may 
be used for level control, monitoring of 
carton contents, package counting, etc. 
Radiation monitor ratemeter. 


Ekco Electronics 

Automatic scaler with overall 1 microsec 
resolution. Universal scintillation counter. 
Scintillation counter with d'rectional shield. 
Liquid level gauge. Moisture gauge. 


Isotope Developments 

Multi-range ratemeter giving both linear 
and logarithmic display. Dynamic capacitor 
electrometer for measuring very small d.c. 
in high impedance circuits. 


Labgear 

47 gas flow counter which can be used in 
either Geiger or proportional regions by 
changing the counting gas and operating 
potential. Single-channel pulse height 
analyser. Automatic sample changer. 


Johnson, Matthey 

Mallory 1000—a machinable tungsten base 
alloy with a specific gravity of 16.9. Suit- 
able for shielding purposes. Maliory 2000 
has a sp. gr of 18. Platinium based thermo- 
couples for continuous measurement of 
temperatures up to 1,700°C. 


Barr and Stroud 


Scale model (#5) of monocular periscope 
intended for observing interior of Berkeley 
reactor pressure vessels under full load if 
necessary. 


Engelhard Industries 
Thermocouples for the continuous moni- 
toring of temperatures of up to 2,800°C. 


General Radiological 
Log-scale gamma monitor. 


Accles and Pollock 

Tubing in unusual metals such as 
tantalum, niobium, zirconium, molybdenum, 
vanadium, titanium, etc. 


Marshall of Cambridge Electronics 

Twin channel pulse generator producing 
a pre-pulse and two subsequent main out- 
put pulses the delay times being independ- 
ently adjustable. Automatic uranium assay 
equipment. 


Panax Equipment 


Scintillation counters with improved light- 
tight shutter enabling samples to be changed 
in normal room lighting. Castle specifically 
designed for scintillation counting. 


AWRE, Aldermaston 


Multichannel complex programmes utiliz- 
ing a standard tape recorder. 


AERE, Woolwich (Chemistry Division) 

Beryllium monitor for the direct deter- 
mination of beryllium and its intermediates 
in the atmosphere. 


AERE, Harwell (Chemistry Division) 


Combined purification system for radio- 
active laboratory waste using three-stage 
purification process. 


AERE, Harwell (Accelerator Division) 


Systems for direct conversion of heat to 
electricity. 
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AERE, Harwell 
Fission counters for high temperature 
operation. 


AERE, Harwell (Isotope Research Division) 
Gamma ray flux measurement using 
cadmium sulphide single crystals. 


Baldwin Industrial Controls 

Transportable beta radiation thickness 
gauge—a simplified version of a standard 
Atomat. 


Elliott Bros (London) 
A complete range of transistorized pulse 
and d.c. nuclear instruments. 


A.E.L., Ltd (Electronic Apparatus Division) 
Ignitron switches for thermonuclear 
research. 


A.E.I. (Rugby) 
Ceramic-metal seals developed by the 
BTH research laboratory. 


Landis and Gyr 
Equipment for the control of radioactive 
contamination in liquid. 


Nuclear Enterprises 

A new range of scintillators. Precision 
scanning scintillation spectrometer. New 
tritium-14 counting assembly. Precision 
ratemeter. Carborne scintillation spectro- 
meter—a transistorized gamma-ray unit with 
four-channel analysis for the study of 
potassium, thorium and uranium. 


Addresses of Companies 
Mentioned 


Fleming Radio (Developments), L:d., Caxton Way, 
Stevenage, Herts. 

20th Cen:ury Electronics, Ltd., Centronics Works, 
King Henry’s Drive, New Addington, Croydon, 


Surrey. 
Salf Electrical Instruments, Ltd., Peel Works, 
Silk S.reet, Sa!ford, 3, Lancs. 
Dynatron Radio, Ltd., St. Peter’s Road, Furze 
Plat, Maidenhead, Berks. 
Ferran‘i, Ltd., Hollinwood, Lancs. 
au Plessey Co., Ltd., Vica:age Lane, Ilford, 
x 


Burndept, L{@., West Street, Erith, Kent. 

Ekco Electronics, Ltd., Southend on-Sea, Essex. 

Isotope Developments, Ltd., Beenham Grange, 
Aldermaston Wharf, near Reading, Berks. 

Labgear, Ltd., Willow Pace, Cambridge. 

Johnson, Matthey and Co., Ltd., 73-83 Hatton 
Garden, London, E.C.1. 

Barr and Stroud, Ltd., Caxton Street, Anniesland, 
Glasgow, W.3. 


Engelhard Industries, Ltd., Baker Platinum Divi- 
sion, 52 High Ho!born, London, W.C.1. 
eneral Radiological, Ltd., Nuc'ear Engineering 
division, 15-18 Clipstone Street, London, W.1. 
Accles and Pol'ock, Ltd., Oldbury, Birmingham. 
Ma-shall of Cambridge Electronics, L‘d., The 
Aerodrome, Cambridge. 
Panax Equipment, Ltd., Holmethorpe Industrial 
Estate, Redhill, Surrey. 
U.K. AEA 
All inquiries regarding AEA exhibits should be 
addressed to the Director of Publ’c Re’at’ons, U.K. 
AEA, 11 Charles II Street, London. S.W.1. 
Baldwin Industr‘al Controls, Dartford, Kent. 
Elliott Bros. (London), Lfd., Nuc'ear division, 
Century Works, Lewisham, London, S.E.9. 
A.E.I., Ltd., Electronic apparatus division, Car- 
ho'me Road. Lincoln. 
a (Rugby), Ltd., BTH Research Laboratory, 
ugby. 
Landis and Gyr, Zug, Switzerland. 
“prices (G.B.)  Ltd., 


Noclear Ente Bankhead 
Medway, Sighthill, Edinburgh 11. 
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Equipment 


For further information on any item please enter the relevant 
number on the Reader Service Card enclosed with this issue 
and forward the card to the address given. 


Industrial 


Manufactured by Brown, Boveri and Co., 
a betatron equipment with an output of 
31-35 MeV is being marketed by Watson 
and Sons (Electro-Medical) Ltd., for X-ray 
work with very thick materials, research 
work with high-energy X-rays and electrons, 
and for medical purposes. 

Two targets are 531 mm apart, and 
produce X-ray beams converging to a point 
at 24 metres. They may be used separately 
or simultaneously. In the latter case, two 
parts of a specimen can be simultaneously 
radiographed, or stereo radiographs may be 
made. The instrument has two focal spots, 
each 0.1 mm x 0.3 mm, and the very small 
focus size allows X-ray magnification to be 
used. For setting-up purposes, light beams 
are used, along the axes of the X-ray beams. 
Shutters control the beam _ height. A 
detachable beam equalizer provides an 


Betatron 


intensity constant to within plus or minus 
5% over a circie 8 in. d:ameter, at 1 m {rom 
the target. The dose rate is approximately 
62 r/min at 1 m. 

At full output. and focus-to-film distance 
of 2 m, it is possible to radiograph 8 in. of 
steel in 4 min, and 12 in. in 30 min; 20 in. 
is possible. The wire penetrameter (DIN) 
sensitivity over a thickness range of 6-14 in. 
of steel is almost constant at 0.3%. At 
10 in, thickness, a 0.03 in. wire can still 
be seen. 

A control desk contains sequence switches 
and delay timer for controlling the magnet 
field, electron injection, and orbit expansion. 
Ion chambers are fitted in the betatron 
head, in each beam, and the dose rate and 
dose are indicated for each beam on 
separate meters on the control desk. The 


The Brown, Boveri betatron arranged for 
X-ray work. 


exposure may be terminated by the dose- 
meter (0-10,000 r) or a timer (0-55 min). 

The power consumption is 16 kW, and 
cooling is by fan. The X-ray head can be 
mounted on a crane or gantry, and motor- 
driven about the horizontal and vertical 
axes, 

(Watson and Sons (Electro-Medical), Ltd., 
East Lane, North Wembley, Middlesex). 
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Self-sealing Pipe Coupling 


The necessity for absolute minimum 
spillage of solutions—in particular, radio- 
active material—has led to the marketing of 
the Secray pipe coupling, manufactured 
under licence from the AEA. 

As may be seen from the diagrams, the 
delivery half of the coupling has a sliding 
valve which, when pushed back, uncovers a 


Diagram of the Secray coupling. Below: 

Coupling tightened and liquid flowing. 

Right: ugline partly released, bellows and 
piston valves seated to check flow. 


number of holes in the sleeve on which it 
slides, allowing the passage of ijiquid. When 
released, it is held down against a seal ring 
by internal pressure on a bellows, whose 
other end is welded to the fitting. The 
receiving half of the coupling contains a 
piston vaive which, in the uncoupled posi- 
tion, is held against a ring seal by a spring, 
and is raised, to allow flow, by a protruding 
disc on the delivery half. The nose of the 
receiving half also carries a raised ring on 
to which the bellows valve of the delivery 
half seals itself. The important feature of 


this design is that the two halves of the 
coupling are sealed together before any 
liquid can flow, and that all passages are 
empty before the seal is broken, when 
uncoupling, the only liquid left being that 
wetting the surfaces. 

(Seaton Creaghe Engineering, Ltd., Park 
Royal Road, Londcn, N.W.10.) 
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Redesigned Valve Voltmeter 


The Airmec Valve voltmeter Type 712 has 
recently been redesigned and, now known as 
the Type 217, is being marketed with a 
wider frequency response, in addition to 
improved details such as probe design and 
more convenient lead stowage. 

Voltage measurements from 0 to 150 volts 
may be made in the frequency range 10 c/s 
to 80 Mc/s at high accuracy, and with 
reduced accuracy to 200 Mc/s. Positive and 
negative direct voltages up to 500 volts may 
also be measured at an impedance of 
40 megohms, and six resistance ranges are 


provided covering 100 ohms to 100 megohms. - 


The meter deflection is zero for zero ohms 


The Airmec valve voltmeter. 


and full scale for infinite resistance, avoiding 
the confusion inherent in the usual reversed 
ohmmeter scale. 

(Airmec Ltd., High Wycombe, Bucks.) 
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Electronic “ Building Bricks” 


Construction of electronic equipment for 
sequence control systems and similar uses 
wi:l be simp‘ified by the use of new Mullard 
standardized units known as “ Norbits ” and 
“Combi-Elements,” which avoid a great 
deal of detailed circuit investigation and, in 
fact. often allow finished equipment to be 
produced from a schematic diagram. Tran- 
sistors throughout enable the units to be 
housed in plastics cases of very small 
dimensions. 

Norbits are, basically, transistor switching 
units arranged as “and” or “ or” circuits 
(i.e., an output given when all or one of a 
number of signals is received) although 
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counter and timer circuits are available. The 
basic unit measures only 2} in. x 14 in. x 
4 in., and a standard channel will accommo- 
date 12 units, each unit having single screw 
fixing, and long leads, arranged for solder- 
less clinched joints, to eliminate intermediate 
tag panels. 


Twelve “Norbit” units assembled on 
standard channel. 


Combi-Elements, designed for easy mount- 
ing on printed circuit panels, can be supplied 
as flip-flops, multivibrators, pulse shapers, 
gate circuits, amplifiers, and the like. 
Hermetically sealed, the cases have overall 
dimensions of 2.1 in. x 0.94 in. x 0.39 in. 

(Mullard Equipment, Ltd., Mullard House, 
Torrington Place, London, W.C.1.) 
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Melting Point 
Determination 


Laboratory work on the determination of 
melting points will be facilitated by a new 
Electrothermal apparatus which has a 
number of good features, not the least of 
which is an extremely rapid heating and 
cooling cycle, enabling a number of tests to 
be made in a short time. Tests are made in 
capillary tubes, and the heating block has 
accommodation for three tubes, thus 
enabling, for example, a compound and its 
constituents to be tested simultaneously. 

Heating is by an element supplied by a 
tapped transformer enabling several different 
heating rates, and the block has low thermal 


The ‘Electrothermal melting-point apparatus 
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capacity, to give rapid heating and cooling, 
without a long time-lag. A single specially 
designed thermometer covers the whole 
range of 20-360°C, so that there is no need 
to use two or three separate thermometers. 
A built-in optical system is provided for 
illuminating and viewing the capillaries, and 
allows changes taking place during melting 
to be accurately observed. 

(Electrothermal Engineering, Ltd., 270 
Neville Road, London, E.7.) 
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Hydraulic Damper 


One of the problems attending the use of 
hydraulic dampers for applications such as 
the earthquake protection of gas ducts and 
similar structures is that it is frequently 
impossible to approach them during their 
working life. A new development by 
Electro-Hydraulics, Ltd., enables recharging 
to be carried out without approaching the 
unit. 

As will be seen from the diagram, 
the cylinder incorporates an additional 
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Hydraulic damper for remote recharging. 


diaphragm, thus dividing it into the working 
zone and a reservoir chamber. This reser- 
voir is connected to both ends of the 
working cylinder through one-way restrictors 
so that, for example, if the piston moves 
down, the fluid passes from the bottom of 
the cylinder to the reservoir in a restricted 
flow, and passes unrestricted from the 
reservoir to the top of the cylinder, and 
vice versa. The restrictors, while limiting 
piston movement in the case of sudden 
shocks, have a negligible effect on very slow 
movements. 

Recharging of the cylinder is via passages 
drilled in the piston rod communicating with 
both sides of the piston; fluid displaced 
flows to the reservoir, and out at a port 
arranged to maintain the fluid in the 
reservoir at the correct level. The fluid inlet 
passages are fitted with non-return valves, so 
that should operation take place while 
recharging, the filling lines are protected 
from surges. 

(Electro-Hydraulics, Lid., Liverpool Road, 
Warrington, Lancs.) 
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Safety Periscope 


Intended for close viewing through 
observation windows and sight glasses, 
whilst keeping out of the direct line of sight, 
the Allen A. 201 safety periscope consists of 
a~ size” optical system, fully 
corrected for distortion, with a field of view 


The Allen safety periscope. 


of 35°, arranged in a metal tube 14 in. 
diameter, and 30 in. long. A focusing 
sleeve, fitted with a rubber eyepiece enables 
objects at any distance between 3 in., and 
infinity from the main prism to be sharply 
focused, with good depth of field. If 
required, a 90° eyepiece can be provided, 
and is convenient when the periscope must 
be held horizontal at a lower level than 
the eye. 

For viewing pressure vessels or other 
locations without internal lighting, a low- 
voltage, high-intensity spotlight can be fitted 
on the end of the periscope. 

(P. W. Allen and Co., 253 Liverpool Road, 
London, N.1.) 


Plastics Cooling Tower 
Pac king 


Polygrid packing, developed by Fluor 
Products Co. in the U.S.A., and Head 
Wrightson Processes, Ltd., in Great Britain, 
is now being moulded by Ekco Plastics, Ltd. 
Expected to have a longer life than wood 
packing, in addition to the reduced assembly 


Polygrid cooling tower packing. 
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time for a cooling tower unit, they are being 
made in either high-density polythene or, 
where the water contains no hydrocarbons, 
in high-impact polystyrene. The packing 
units are approximately 3 ft square, and the 
weight approximately 4 Ib, in polystyrene. 
Moulding of a thin-walled structure of this 
size and complexity produced a number of 
problems in tool design. 
(Ekco Plastics, Ltd., Southend, Essex.) 
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Gas Distribution Cabinet 
Multiple operation of welding and cutting 

equipment, in the factory or on site, is facili- 

tated by a distribution cabinet to feed two 


Gas distribution cabinet for several welders. 


or three operators and eliminate the multi- 
plicity of gas cylinders which are otherwise 
necessary. Each of the three supplies of 
oxygen and fuel gas is fitted with individual 
control valves, protected by a guard rail, 
and individual non-return valves and flash- 
back arrestors increase the safety factor. 

(D. S. Baddeley Engineering Co., Ltd., 
43 York Street, Glasgow, C.2.) 
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Improved Plug Valve 

Elimination of lubrication, reliable opera- 
tion, and the absence’ of lubricant 
contamination are the main features of the 
Langalioy-Durco type F valve. 


Langalloy-Durco non-lubricated valve. 


Originally developed by the Duriron Co., of 
Dayton, U.S.A., the valve is now being 
manufactured by Langley Alloys, in stainless 
steels, nickel alloys and the standard range 
of Langley valve alloys. 

Lubrication, with its attendint risk of 
contamination, has been eliminated by the 
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Dallow Lambert dust ex- 

traction plant at Harwell. 

The hood on the drill- 

press can be moved 
around. 


use of a P.T.F.E. sleeve between the body 
and the plug, this being suitable for opera- 
tion up to 400°F. If required, a new sleeve 
can be fitted in a matter of minutes. It 
should be noted that this is not an untried 
design, but has several years of service 
behind it. 

(Langley Alloys, Ltd., Langley, Slough, 
Bucks.) 
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Dust Extraction Plant 

Illustrated is a unit dust collector from the 
Dallow Lambert standard range, in use at 
Harwell, on a lathe and a driil-press used in 


the testing of parts from a reactor. Almost 
absolute extraction is obtained with the 
lathe ; the drill hood is arranged for collect- 
ing airborne dust only, and can be moved 
around and used as a cleaning nozzle, if 
required. 

Since the entrained dust is slightly radio- 
active, it is filtered through fabric filters 
before being recirculated, the dust being dis- 
lodged from the filter surface, by mechanical 
shakers, into disposable polythene bags 
within the collector bins. 

(Dallow Lambert and Co., Ltd., Thur- 
maston, Leicester.) 
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CATALOGUES 


James Gordon and Co., Ltd. Cat. No. 181 
covering flowmeters, both integrating and recording, 
flow controllers, and orifice plates. (Dalston 
Gardens, Stanmore, Middlesex.) 

A brochure, * The Factory Behind the Product,” 
from New Welbeck, Ltd., describes various models 
of their industrial vacuum cleaners, including duplex 
and tripiex Floormaster and Bak-Vak models. 
(Moulsecoomb Way, Brighton, 7, Sussex.) 

Wilco-Wiggin Thermometals are described in a 
brochure received from Henry Wiggin and Co., 
Ltd. In addition, tables of thermal properties, 
formulae giving deflection with temperature for 
various shapes, and information on fabsication, heat 
treatment, and mounting are included. (Thames 
House, Millbank, London, S.W.1.) 

A further publication received from the same 
source is ‘* Wiggin Nickel Alloys v Caustic 
Alkalies ”’ a recent revision of a previous issue. A 
wide range of apptications in industry, and of 
results of tests are given. 

W. G. Pye and Co., Ltd., have established an 
Applications Department with a comprehensive 
reference library; part of the service includes the 
issue of application sheets on the suitability of 
various types of instruments. The first 10 sheets, 
mostly relating to pH measurement and control, 
are already availab'e. (Granta Works, Cambridge.) 

Honeywell Controls, Ltd., have issued a folder 
describing their complete line of millivoltmeters, 
as either indicators or controllers, for any appli- 
cation in the control and safety field. (Ruislip Road 
East, Greenford, Middlesex.) 

Ultrasonic weld testing is the subject of articles 
in the first issue of Pulse, the house journal of 
Kelvin and Hughes (Industrial), Ltd. (Kelvin House, 
Wembley Park Drive, Middlesex.) 


** Who we are and what we do” is the title 
of a booklet received from Metal Industries, Ltd. 
It gives a brief review of the various companies 
making up the Electrical, Engineering, and Metals 
Divisions of the Group. (Brook House, Park 
Lane, London, W.1.) 

Applications of ‘* Plessiflex’’ seamless metallic 
hose, are described in an 18-page brochure obtain- 
able from Power Auxiliaries, Ltd., one of the 
Plessey group. Full specifications of all sizes and 
types of hose and ducting are included. (Kembrey 
St., Swindon, Wilts.) 

Miles ies, Ltd., have issued a brochure 
on reactor computers and simulators. containing 
information on their range of units which can be 
used to extend the facilities of existing equipment. 
assembled into a complete reactor computer, or 
simulate a given reactor for training purposes. 
(Shoreham Airport, Sussex.) 

Charging units for personal dosimeters are 
amongst the items described in a catalogue of 
Allscott”’ electronic equirment received from 
James Scott and Co. (Electrical Engineers), Ltd. 
(68 Brockville St., Carntyne Industrial Estate, 
Glasgow, E.2.) 

An article on the constitution and properties of 
iridium-platinum alloys appears in the January, 
1960, issue of Platinum Me:a's Review, published 
by Johnson Matthey and Co., Ltd. (Hatton Garden, 
London, E.C.1.) 

Publication 501, “‘General-purpose Box Furnaces” 
has been received from A E.1L.-Birlec, Ltd. The 
types described are the G.P.1000 for temperatures 
up to 1,000°C, and the G.P.1400 for temperatures 
up to 1,400°C. Both are made in several sizes, 
ee from 16-70 kW. (Erdington, Birmingham, 
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NUCLEAR ENGINEERING 


Patents Reviewed 


These abstracts have been made fr°m British Patent Specifications, complete copies of which can be 
obtained from the Patent Office, 25 Southampton Street, London, W.C.2, at 3s. 6d. each (including postage). 


B.P. 812,702. Method and apparatus for 
the continuous production of metaliic 
beryllium. Beryllium Corp. (U.S.A.). 

The production of high purity beryliium 

in an e.ectrolyt.c cell with the anode inside a 
tubular cathode on the walls of which the 
beryllium is deposited in the form of den- 
drites. After removal the beryl.ium is puritied 
by washing in ice water first, and then in 
concentrated nitric acid. 


B.P. 812,740. Protection of graphite against 
gas corrosion at elevated temperatures. 
H. Rawson, P. L. Baynton and Br.tish 
Thomson-Houston Co., Ltd. 

A non-porous coating is apptied to the 
graphite in the form of a cement capable of 
withstanding high temperatures (exceeding 
400°C) incorporating powdered graphite and 
a binder based on water soluble aluminium 
phosphates because of their low neutron 
absorption coefficient. This protection is 
needed to reduce the reaction with the 
graphite when used as moderator in a carbon 
dioxide cooled nuclear reactor operated at 
temperatures higher than at present. 


B.P. 812,809. Heterogeneous nuclear 
reactor. To: Brown, Boverie and Cie. 
A.G. (Germany). 

In order to simplify the introduction of 
fuel elements and, at the same time, to guide 
the coolant so that it comes into direct 
contact with at least part of the fuel 
element, spherical, preferably porous fuel 
elemenis are dsp between a perforated 
cover plate and a perforated bearer plate 
in parallel conduits of square cross section 
with guiding ribs for the elements. At 
least part of the coolant then flows through 
the conduits in direct contact with the ele- 
ments. Conduits for the coolant are 
branched from the channels for the fuel 
elements and are so guided that together w:th 
jets of coolant passed outside the core violent 
whirling is effected throughout the coolant. As 
fuel, sintered uranium carbide is used. The 
spheres are prevented from falling through 
the conduits by angled extensions at the 
lower end including a short bulge and pres- 
sure gas connections to force one element 
into the bulge to hold up the column of 
spheres in the conduit. 


B.P. 812,952. Apparatus for comparing the 
intensities of radiation from two radio- 
active sources. A. K. Cole Ltd., R. G. 
Davis. 

Two ionization chambers are employed 
mounted on opposite sides of an insulating 
wall with openings for communication 
between the two chambers. The conducting 
walls are insulated so that radiation affect- 
ing one chamber cannot pass to the other. 


B.P. 813,085. Heat exchange means. To: 
Babcock and Wilcox Ltd. (Germany.) 
Refers to sealing the exchanger aga‘nst 
leakage of heating gases without restricting 
freedom of thermal expanson and contrac- 
tion, especially for exchangers having pairs 
of tube banks jo‘ned by cowlings where 
differential movement occurs between cowl- 
ing and tube plates. The sealing means 
include wire-woven asbestos retained in 
position by springs. Split tubes compen- 
sate for thermal expansion of the cowling 
length. 


B.P. 812,985. Aluminium alloys. R. A. U. 
Huddle, N. J. M. Wilkins, C. F. Britton. 
To: U.K. Atomic Energy Authority. 

An alloy of 0.5 to 2.5 nickel, 0.1 to 0.3 
titanium, the remainder being aluminium or 
an alloy of aluminium with well known 
additions for high strength. The alloy 
may be prepared by vacuum melting. 


B.P. 813,124. Heat treatment of zirconium 


Pied. Tor. U.K. 
Atomic Energy Authority. 
homogenizing treatment at high 


temperature (above the a—8 transition 
temperature of the alloy) and a prolonged 
ageing at lower temperatures to decompose 
the beta phase. 


B.P. 813,131. Fuel elements for nuclear 
reactors. F. Butler, J. Tatlock. To: 
U.K. Atomic Energy Authority. 

In a fast reactor core structure bowing 
of elements must be minimized to prevent 
local overheating and discharge difficulties. 
This is achieved by providing the protective 
sheaths with series of spaced helical fins 
so arranged that continuous coolant channels 
are formed by adjacent fin pairs between 
the elements. Each fin makes contact w:th 
two fins on an adjacent fuel element sheath. 
The helix angle of the fins is between 60 
and 80 deg. 


B.P. 813,243. Heat exchangers. D. J. Pepper, 
A. J. Miles. To: Foster Wheeler Ltd. 
Refers in particular to heat exchangers 
in which one of the fluids has a very high 
thermal conductivity (liquid sod.um, 
potassium or other liquid or liquefied metal 
or alloy). The heat conducting plates 
between the tubes are made of copper and 
metallically bonded by means of silver 
solder or other brazing metal with a meit- 
ing temperature below that of copper to 
ensure an _ uninterrupted metallic path 
between the fluids. The brazing technique 
is described in B.P. 813,244. 


B.P. 813,244. Bonding of fins to tubes, 
plates and the like. D. J. Pepper, A. J. 
Miles. To: Foster Wheeler, Ltd. 

The copper plates (B.P. 813,243) are 
drilled or pierced to fit the tubes with a 
small clearance (0.005 in. or less). Space 
tings of mild steel or brass are mounted 
between them and the tubes with the same 
clearance. The rings are recessed to provide 
annular grooves closed by the adjacent fins. 
The brazing metal, e.g., in the form of 
wires, is placed in these grooves, the 
assembly clamped up and heated. 

B.P. 813,491. Radiation intensity measur- 
ing apparatus. Atomic Energy of 
Canada, Ltd. (U.S.A.). 

The range of count measurement is greatly 
increased for a type of apparatus using 
a halogen-quenched Geiger-Miiller tube and 
a cold-cathode trigger tube by connecting a 
capacitor from the anode to the cathode of 
the trigger tube and arranging the connec- 
tions between the cathodes of the tubes so 
that the current to the Geiger-Miiller tube 
and the current for recharging the capacitor 
flows through a common indicator circuit. 
In this way an overall logarithmic character- 
istic is obtained. 
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B.P. 813,584. Arresting device for falling 

bodies. G. E. Lindsay, S. J. H. 

Waldron. To: U.K. Atomic Energy 
Authority. 

The control rod carries an impact ring 
with a spring which is compressed when the 
failing rod is arrested by impact of the ring 
on to a face around the edge of the hole in 
the charge pan through which the rod falls. 
If the impact exceeds a certain load, shear 
pins in the impact ring give way and the rod 
continues to fall until a downwardly 
projecting impact pin hits an impact stool. 
The impact pin carries a broaching cutter 
inside a tube provided with a liner attached 
to the control rod so that the cutter on being 
pushed upwardly broaches the liner thus 
absorbing the shock. The damage remains 
confined to shear pins and liner which can 
easily be replaced. 


B.P. 813,928. Shielding devices for machin- 
ing toxic and expensive materials and 
those having a critical mass. R. T. 
Ackroyd, D. Kenyon. To: U.K. Atomic 
Energy Authority. 

A (polyethylene) tube to be mounted 
between chuck and tailstock of a lathe for 
machining e.g. uranium 235. The tube is 
provided with a backing piece moulded on 
to it with a polytetrafluoroethylene slide 
and brass covers. The tool is inserted 
through a hole in the slide. The tube may 
be flushed with argon or another inert gas. 


B.P. 814,270. Brazing of beryllium. J. 
Williams, J. W. S. Jones. To: U.K. 
Atomic Energy Authority. 

A layer of beryllium-magnesium alloy is 
formed on each of the two surfaces to be 
joined, an aluminium sheet or wire is then 
interposed and the assembly heated to effect 
the joint. 


B.P. 814,416. Heterogeneous nuclear reactor. 
E. Long, K. W. Cunningham. To: 
Plessey Co. Ltd., U.K. Atomic Energy 
Authority. 

A leak detector for fuel elements with a 
set of sampling pipes each coupled to a cock 
which can be turned to first and second out- 
lets. The first outlets are grouped to feed 
into a series of manifolds while the second 
outlets feed into a single manifold. The 
contents of the series of manifolds are 
cyclically monitored, the contents of the 
single manifold are continuously monitored. 
The cocks are set so that gas samples 
normally flow to the first outlets. When 
an abnormal reading is obtained, they are 
turned so that gas samples flow one at a 
time to the common manifold and_ its 
monitor thus locating the actual channel 
causing the abnormal reading. 


B.P. 814,423. Mechanical connection for 
cylindrical vessel closures. To: Atomic 
Energy of Canada Ltd. (Canada), 

The closure is not intended to be fluid- 
tight, its funct’on being to hold a fluid-tight 
seal in position and to act as a firm support 
for any parts extending into the vessel. 

Large and heavy detachable closures some- 

times cannot be screwed on or fixed by lugs 

or flanges and bolts or clamps, because of 
weight, or extra material and space required. 

‘Both the vessel (along its inside circumfer- 

ence) and the closure (outside) have a 

number of helical keyways to hold flexible 

steel keys. A small helix angle will prevent 
slipping, because of the frictional forces 
between the parts. 
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